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ABSTRACT
This study examined differences in academic performance and self-regulated
learning based on levels of student participation in Supplemental Instruction (SI) sessions
in two introductory undergraduate biology and chemistry courses offered at University of
Central Florida in the Spring 2006 semester. The sample consisted of 282 students
enrolled in the biology class and 451 students enrolled in chemistry. Academic
performance was measured using students’ final course grades and rates of withdrawal
from the courses. The self-regulated learning constructs of motivation, cognition,
metacognition, and resource management were measured using the Motivated Strategies
for Learning Questionnaire (MSLQ). Relationships between students’ gender and ethnic
background and levels of SI participation were also analyzed in this research.
Findings in both biology and chemistry courses revealed a statistically significant
decrease in student motivation from beginning to end of semester. In chemistry, frequent
SI participants also showed statistically significantly higher levels of motivation at the
end of the semester than occasional and non-SI participants. There were no statistically
significant gains in cognitive, metacognitive, and resource management strategies from
beginning to end of semester. However, statistically significant differences in resource
management were observed at the end of the semester among SI attendance groups in
both courses. Students in the high SI attendance group were more likely to use learning
resources than those who did not participate regularly or did not participate at all.
Statistically significant differences in academic performance based on students’
SI participation were found in both biology and chemistry courses. Frequent SI
iii

participants had significantly higher final percentage grades and were more likely to
receive grades of A, B, or C, than those who either did not attend SI regularly of did not
participate at all. They were also less likely to withdraw from the course than occasional
or non-SI participants. In biology, no relationship between SI participation, gender, and
student ethnic background was found. In chemistry, female students were significantly
more likely to attend SI regularly than males. Chemistry minority students had
significantly higher representation among occasional SI participants.
An important implication involved the use of pedagogical approaches that make
lecture classrooms more interactive and encourage student motivation and engagement.
This study could be replicated in other science and non-science courses that offer SI
sessions. Additional factors in the success of SI programs and student motivation can be
added, such as SI leaders’ experience and major. Follow-up studies on students who
completed the courses included in this study can be conducted to determine whether they
reenrolled in other science courses, continued attending SI sessions, and gained selfregulated learning skills.
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CHAPTER 1
THE PROBLEM STATEMENT AND DESIGN COMPONENTS
Introduction
Academic success and student retention are subjects of major concern in colleges
and universities today. In the eyes of the public, the ability of colleges and universities to
retain their students has been an indication of institutional effectiveness (Astin, Tsui, &
Avalos, 1996; Yorke & Longden, 2004). Keeping students enrolled represents a source
of revenue to postsecondary institutions (Wild & Ebbers, 2002; Yorke & Longden).
Retention programs are cost effective because they prevent income loss to the institution
and reduce the state’s student cost by shortening the path to graduation (Congos &
Schoeps, 1997). Retaining students also contributes to higher education’s goal of
producing college graduates who will contribute to the nation’s economy. According to
Dohm and Wyatt (2002), without a college degree, it becomes difficult for individuals to
be competitive in the workforce. The authors listed among the benefits of a college
education “more career options, better promotion opportunities, higher earnings, and
lower unemployment” (pp. 4-5).
In his book, Leaving College, Tinto (1993) asserted that about 62% of students
who enter postsecondary education drop out. He noted that most of these students who
leave college do so during their first and second year. According to a report from the
Consortium for Student Retention Data Exchange (1999), more than 50% of students
who drop out, do so before their second year. More recent data from a 2003 survey by the

1

America College Testing (ACT) Program reported mean freshman attrition rates between
22.7% and 47.2% (ACT, 2003).
Pascarella, Terenzini, and Wolfe (1986), and Tinto (1993) believe that student
attrition is due in part to academic failure and uncertainty about what to expect from
college. The inability to succeed academically has been attributed to the fact that students
come to our institutions without the study skills required to survive the academic rigors of
college (Carpenter, Corbitt, Kepner, Lindquist, & Reys, 1980; Erickson & Strommer,
1991; Krause, 2005). With some exceptions, many students do not develop good study
habits in high school, such as time management, critical thinking, reading skills, and
other strategies that are essential to succeed in college-level courses (Erickson &
Strommer).
Academic success is strongly related with the concept of self-regulated learning.
According to Pintrich (2004), self-regulated learning encompasses the areas of cognition,
metacognition, motivation, and resource management. Self-regulated learners are
intrinsically motivated and use cognitive and metacognitive strategies to study more
effectively. These types of learners are proactive in seeking help when they need it and
find ways to overcome obstacles that prevent them from succeeding in the classroom
(Zimmerman, 1990).
Most colleges and universities implemented programs to teach students how to
become self-regulated learners. Some interventions include workshops and courses that
address different study skills, such as improving note-taking techniques or reducing test
anxiety. Zimmerman (2002) asserted that self-regulated learning can be taught.
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Moreover, self-regulated learning and study skills are more effective when taught within
the context of a specific subject matter. Such a strategy is achieved through Supplemental
Instruction (SI), an academic assistance program that focuses on learning skills and study
strategies applied to course content. SI also provides an environment where students
work collaboratively and encourages discussion, motivation and critical thinking (Congos
& Schoeps, 1993).

Purpose of the Study
Academic success and student interaction are key factors affecting student
retention and persistence to graduation (Ramist, 1981; Tinto, 1993). Supplemental
Instruction (SI) was identified as a retention program because it addressed both student
academic success and social involvement. SI provides students with an opportunity to
connect with faculty and peers and acquire study skills applied to course content (Congos
& Schoeps, 2003; Martin & Arendale, 1993).
In 2006, there were many sources in the literature documenting the impact of SI
on academic success and retention. Studies conducted at colleges and universities in the
United States and in other countries where SI programs have been implemented, revealed
that participation in SI is associated with increased average final grades and lower
percentages of D and F grades or withdrawals (Arendale, 1997; Blanc, DeBuhr, &
Martin, 1983; Commander & Stratton, 1996; Congos & Schoeps, 1993; Lundberg, 1990;
Martin & Arendale 1993; Romoser, Rich, Williford, & Kousaleous, 1997; Zaritsky,
1994). However, other than Visor, Johnson, and Cole (1992), and Gattis (2002), few
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studies focused on gains in motivation, use of learning strategies, and metacognition
based on SI participation.
The purpose of this study was to investigate the differences in academic
performance and self-regulated learning based on student participation in SI. Academic
performance was measured using students’ final course grades. The self-regulated
learning constructs of motivation, use of learning strategies, and metacognition were
measured using the Motivated Strategies for Learning Questionnaire (MSLQ).

Statement of the Problem
College student retention was the subject of research for many years. A study
from the National Institute of Independent Colleges and Universities (NIICU) indicated
that only 41% of students sampled obtained a bachelor’s degree within six years of
enrollment (Porter, 1990). According to a study of 365 four-year institutions, about 60%
of freshmen who entered baccalaureate institutions in 1985 did not graduate after four
years (Astin, Tsui, & Avalos, 1996). Student dropout rates seem to be higher during the
first and second year of college (Porter; Tinto, 1993).
Among the many reasons leading to college student attrition is academic failure
and poor study habits (Erickson & Strommer, 1991; Ramist, 1981). Yorke and Longden
(2004) found that one out of three students who dropped out, failed to meet the academic
rigors of college and lacked the college-level study skills required to succeed in their
courses. Another factor affecting student persistence to graduation is the lack of social
and academic integration (Tinto, 1993).
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Evidence indicates that student involvement leads to academic success and
retention (Pascarella, Terenzini, & Wolfe, 1986; Tinto, 1993). Ramist (1981) and Tinto
recommended retention programs that provide a balance between academic and social
involvement. SI was identified as a retention program that addressed these issues because
it provided students with an environment where they can interact with faculty and
students while acquiring relevant study skills applied to course content (Congos &
Schoeps, 2003; Martin & Arendale, 1993).
Research suggested that students who are self-regulated learners tend to have
higher academic achievement (Linder & Harris, 1993; VanderStoep, Pintrich, & Fagerlin,
1996; Zimmerman & Bandura, 1994; Zimmerman & Martinez-Pons, 1986). Selfregulated learning, defined as the application of cognitive and metacognitive strategies
and motivational beliefs for learning (VanderStoep, Pintrich, & Fagerlin, 1996), can be
taught by implementing courses and workshops addressing study skills and selfregulation activities. However, these skills are learned best when they are modeled by
peers and taught within the context of a specific course or discipline (Zimmerman, 2002).
In SI sessions, learning strategies and metacognitive skills are taught within the context
of a course in a collaborative environment (Congos & Schoeps, 1993).

Research Questions
The following questions guided this research:
1. What mean difference, if any, exists in student development of the self-regulated
learning components of motivation, cognition, metacognition, and resource
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management from the beginning of the semester to the end of the semester based on
level of student participation in Supplemental Instruction (SI)?
2. What mean difference, if any, exists in the self-regulated learning components of
motivation, cognition, metacognition, and resource management, as measured at the
end of the semester based on student level of participation in Supplemental
Instruction (SI)?
3. What difference in academic performance, if any, exists between students who
participate in Supplemental Instruction (SI) and those who do not participate in SI?
4. What relationship, if any, exists between Supplemental Instruction (SI) participation
and rate of withdrawal from classes?
5. What relationship, if any, exists between Supplemental Instruction (SI) participation
and student gender and ethnic background?

Definition of Terms
The following terms were used in this study:
1. Cognition – Cognition is the ability of students to use learning strategies to recall,
organize, and understand information from class lectures and textbooks (Schunk,
1990; VanderStoep et al., 1996). In the MSLQ, the cognitive scale includes strategies
such as elaboration, organization, rehearsal, and critical thinking (Pintrich et al.).
2. Critical Thinking – Cognitive strategy that refers to the ability to apply knowledge to
new situations and make informed decisions (Pintrich et al.).
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3. Elaboration - Cognitive strategies that help students understand the material. They
involve paraphrasing, mnemonic aids, creating analogies (Pintrich et al.).
4. Extrinsic Goal Orientation – Students who are extrinsically motivated engage in
learning activities motivated by external rewards, such as recognition, grades, or
competition (Pintrich et al.).
5. GPA - The Grade Point Average (GPA) is the average number of grade points per
semester hour attempted. The GPA is computed by dividing the total number of
grade points by the total number of semester hours attempted, not including hours
resulting from non-credit (NC), withdrawals (W), withdrawn passing (WP), and
incomplete (I) grades (University of Central Florida, 2005).
6. Historically-difficult courses – College-level undergraduate courses in which 30% or
more students enrolled typically receive a grade of D, F, and/or withdraw from the
course (Arendale, 1997; Blanc, et al., 1983; Congos & Schoeps, 1993; Zaritsky,
1994). Another term used to refer to these courses is “high-risk courses.”
7. Internal Locus of Control – This refers to the belief that events in one’s life are
controlled by our own actions (Visor et al.).
8. Intrinsic Goal Orientation – Students who are intrinsically motivated engage in an
activity for personal reasons and for the sake of learning (Pintrich et al.).
9. Learning Strategies – This section of the MSLQ comprises the scales of cognition
and metacognition (Pintrich et al.).
10. Metacognition – Metacognition is the ability of students to monitor and control their
learning (Zimmerman, 1990). Metacognitive activities include planning, goal setting,
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self-testing, and awareness of when and how to use different strategies to maximize
learning (Pintrich et al.).
11. Motivation – This category of the MSLQ includes the constructs of goal orientation,
task value, control of learning beliefs, self-efficacy, and test anxiety (Pintrich et al.,
1991).
12. Organization - Cognitive strategies such as outlining, summarizing, critical thinking,
and creating diagrams and concept maps (Pintrich et al.)
13. Rehearsal – This cognitive strategy refers to the act of repeating and reciting the
material in order to facilitate recall (Pintrich et al.)
14. SAT – The Scholastic Assessment Test (SAT) is an assessment used by most
colleges and universities for admission purposes (University of Central Florida,
2005).
15. Self-efficacy – Self-efficacy is the belief of one’s competence and ability of success
(Visor et al., 1992).
16. Self-esteem – Self-esteem is the belief of one’s worth (Visor et al.).
17. Self-Regulated Learning – In this study, self-regulated learning will be defined
according to the model used by Pintrich, Smith, Garcia, and McKeachie (1991) in the
development of the Motivated Strategies for Learning Questionnaire (MSLQ).
According to this model, self-regulated learning includes four major constructs:
motivation, cognition, metacognition, and resource management. Zimmerman (1990)
characterizes self-regulated learning as the ability of students to “select, organize, or
create advantageous learning environments, and plan and control the form and

8

amount of their own instruction” (pp. 13-14). Self-regulated learners have high levels
of motivation and are proactive in developing academic and learning skills
(Zimmerman, 2002).
18. SI Leader – The SI leader is an undergraduate student who completed the
historically-difficult course with a grade of A or B and has been trained to lead SI
sessions (Congos & Mack, 2005; Congos & Schoeps, 2003).
19. SI Sessions – SI sessions are study groups offered as a supplement to a historicallydifficult course with the purpose of helping students build the study skills required to
succeed in the course (Congos & Mack, 2005; Congos & Schoeps, 2003).
20. Supplemental Instruction (SI) - SI is a non-remedial, proactive, academic support and
retention program that promotes collaborative learning and refinement of study skills
applied to course content. The program provides peer-led study sessions in
historically-difficult courses (Congos & Schoeps, 2003).
21. Task Value – Task value refers to the student’s perception of the relevance or
usefulness of the content of the course (Pintrich et al.).

Population
This study was conducted at the University of Central Florida (UCF) main
campus in Orlando, Florida. The population of this study included 733 students enrolled
in two undergraduate course sections offered in the Spring 2006 semester. The course
sections selected were General Biology (BSC 2010) and Fundamentals of Chemistry I
(CHM 2045). Two hundred eighty-two students were enrolled in BSC 2010 and 451

9

students were enrolled in CHM 2045. These numbers represented student enrollment
after the add/drop period during the first week of classes. These two lower-division
courses were selected because of their high student enrollment and because historically
they were considered difficult. In these courses, 30% to 45% of the student enrollment
typically had grades of D or F, or withdrawals. About 65% of students enrolled in these
courses were freshmen.
SI sessions were offered for these two course sections starting the second week of
classes. Students were given the choice of attending as many SI sessions as they wished.
The Motivated Strategies for Learning Questionnaire (MSLQ) was administered twice to
all students in BSC 2010 and CHM 2045. A convenience sample was taken from each
class section. The samples consisted of students who had completed the MSLQ and were
enrolled in the selected courses for the first time. The samples were further divided into
groups based on their level of participation in SI sessions. Students were identified using
their names and Personal Identification Numbers (PIDs) from class rosters.

Methodology
During the first week of classes, the SI Coordinator visited the two selected class
sections: one section of BSC 2010, and one section of CHM 2045. She gave a brief
overview of the SI program, introduced the SI leader to the class, displayed the times and
locations for SI sessions, and invited the students to attend SI sessions. Four one-hour SI
sessions per week were offered for each class section starting the second week of the
semester. Students attended SI sessions on a voluntary basis. The biology and chemistry
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instructors both offered extra credit for attending SI sessions. The SI coordinator does not
usually provide instructors with a list of SI attendees to protect student privacy and
possible bias toward SI participants. In this case, however, the list of SI attendees was
revealed to the instructors after the final exam to prevent self-selection bias. The analyses
in this study considered final grades for BSC 2010 and CHM 2045 before and after the
extra credit points were awarded.
The Motivated Strategies for Learning Questionnaire (MSLQ) was administered
twice to all students in BSC 2010 and CHM 2045: the third week of classes and the week
before final exams. The MSLQ was given in the lecture classes, not in SI sessions.
Students were able to complete the instrument in approximately 30 minutes. Students’
responses were matched with their Personal Identification Numbers (PIDs) or their
names. A consent form and confidentiality statement were attached to the questionnaire.
Students who withdrew from the selected course sections were excluded from the
analysis.

Instrumentation
The Motivated Strategies for Learning Questionnaire (MSLQ) was used to
measure self-regulated learning. The MSLQ, an 81-item questionnaire developed by the
educational psychologist, Paul Pintrich, measures the self-regulated learning components
of motivation, cognition, metacognition, and resource management (Duncan &
McKeachie, 2005). A description of the MSLQ and the scales used in this instrument are
described in more detail in Chapter 2.
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Data Collection and Analysis
Attendance at each SI session was recorded using sign-in sheets. SI attendance
was transferred to class rosters with student names and Personal Identification Numbers
(PIDs). The two course sections selected for this analysis, BSC 2010 and CHM 2045,
were different in content and were taught by two different instructors. For this reason, a
separate data analysis was conducted for each course section. Groups were formed based
on the number of attendances to SI sessions (i.e., never attended, attended one to three
times, attended four to seven times, and attended eight or more times). These groups were
identified after the data were collected. Other data such as final grades, high school grade
point average (GPA), Scholastic Achievement Test (SAT) scores, and other demographic
information, were obtained from student records available to the researcher through the
university database system.
All data, including the student responses to the MSLQ, were analyzed using the
Statistical Package for Social Sciences (SPSS), version 11.0. In order to establish that
academic success and self-regulated learner behaviors were a result of SI and not due to
other factors (self-selection bias), an initial ANOVA analysis was done to determine that
the groups were not significantly different in terms of academic background. Final course
grades were analyzed using letter grade percentages and average final grades. Academic
success was measured using students’ GPAs and final grades. GPAs and final course
grades for SI and non-SI participants were compared. The groups were also compared in
terms of the self-regulated learning components of motivation, cognition, metacognition,
and resource management, as measured by the MSLQ.
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The differences in motivation, cognition, metacognition, and resource
management based on attendance to SI sessions were determined using Repeated
Measures ANOVA and Multiple ANOVA tests. Differences in final course grades
between participants and non-participants in SI sessions were determined using ANOVA
tests and Chi Square Test of proportions. A Chi Square Test of Proportions was used to
determine the relationship between SI attendance and rate of withdrawal from classes,
gender, and ethnic background.
This study falls within the category of causal-comparative or ex post facto
research since the independent variable, SI attendance, was not manipulated. Because
student attendance to SI sessions was voluntary, the researcher had no control over who
participated.

Assumptions
The following assumptions were made in this study:
1. The instructors of the General Biology (BSC 2010) and Fundamentals of Chemistry I
(CHM 2045) sections selected for this study would designate specific days to allow
students to answer the MSLQ.
2. Students would respond truthfully and accurately to the MSLQ.
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Limitations
This study had two limiting factors. First, the findings of this study were limited
to the undergraduate introductory biology and chemistry courses (BSC 2010 and CHM
2045) considered in this research. These courses were offered at University of Central
Florida. Therefore, the results cannot be generalized to other types of undergraduate
courses or to other institutions. Second, the researcher was not able to control whether
the participants in this study, attending SI sessions or not, received other types of
academic assistance. Free tutoring services were available to UCF students enrolled in
BSC 2010 and CHM 2045 that semester. Students may have chosen to use this service in
lieu or in addition to SI sessions. Other limitations are discussed in Chapter 5.

Significance of the Study
This study contributed to the existing research on Supplemental Instruction (SI)
and academic success by adding the dimension of student self-regulated learning and
exploring possible student gains in motivation, critical thinking, and application of
learning strategies as a result of attending SI sessions. The results from this study
revealed important information about the effectiveness of the SI program and may help
SI coordinators justify the implementation of SI at their campuses.
This study also helped to identify what learning strategies and student
characteristics were associated with academic success in introductory biology and
chemistry courses. The results of this study can be used to train SI leaders for these
specific courses and to help instructors develop teaching strategies that enhance student
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learning in their discipline. Furthermore, knowing the differences in motivation and
cognitive strategies between SI and non-SI participants may help SI coordinators and
mentors adjust their marketing strategies to attract the students who are less likely to
attend but need the assistance the most.

Organization of the Study
Chapter 1 provides an introduction to the dissertation. It includes the background
of the study, a statement and purpose of the problem, the research questions, definition of
terms and the significance and limitations of the study. Chapter 2 provides a review of the
literature relevant to research on Supplemental Instruction and self-regulated learning,
Chapter 3 describes the framework for the study and the methodology used for sampling,
instrumentation, data collection and analysis. Chapter 4 presents the data analysis and its
results. Chapter 5 summarizes the findings of the study, including recommendations,
implications for practice, and need for future research.
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CHAPTER 2
REVIEW OF THE LITERATURE
Introduction
This chapter presents a review of the literature relevant to this research study. The
first section of this chapter presents an exhaustive examination of the Supplemental
Instruction (SI) program. It includes a description of the model, history, theoretical
background of the program, purpose, goals, and methods of operation. The section also
includes a comprehensive review of research studies concerning the effectiveness of SI in
students’ academic achievement, motivation, and self-regulated learning.
The second section of this chapter provides an extensive review of research
concerning self-regulated learning. It includes an overview of the different perspectives
on self-regulated learning, a review of studies on self-regulated learning and academic
achievement, and an examination of several assessment tools that have been used in
research to measure the components of self-regulated learning.

Supplemental Instruction (SI)
Many researchers have identified factors affecting student retention. According to
Blanc, DeBuhr & Martin (1983), student retention is affected by how students perceive
their progress toward an academic goal, the opportunities of interaction between students
and faculty, and the availability of counseling and advising services. Wild & Ebbers
(2002) referred to the classical models of student retention provided by Alexander Astin
and later reinforced by Vincent Tinto. Astin (1977) believed student interaction and
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involvement in college activities is the basis for student persistence. Tinto (1993)
considered integration into the college environment a major factor in student retention.
Braxton and Hirschy (2005) indicated that students who are academically integrated in
their institution are more likely to commit and stay at their institution.
According to Congos and Schoeps (1997), retention results from “effective
educational programs and services in and out of the classroom” (p. 2). The authors
believe that effective retention programs should focus on providing students with
academic and personal experiences that enhance their development and success. Many
higher education institutions now offer learning assistance programs to address retention
issues (Blanc et al., 1983). Supplemental Instruction (SI) is one example of a learning
assistance program that was successful in improving academic success and retention
(Congos & Schoeps, 1997).

History of SI
Supplemental Instruction (SI) was created by Deanna C. Martin at University of
Missouri-Kansas City (UMKC) in 1973 (Arendale, 1997; Romoser et al., 1997; Zaritsky,
1994). It was established as an academic support and retention program to reduce the
attrition rate of students in the health professions (Center for Academic Development,
2000). SI became “one of the few postsecondary programs to be designated by the U.S.
Department of Education as an Exemplary Educational Program” (Arendale, p. 1).
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According to the National Center for Supplemental Instruction, the following
claims about the effectiveness of SI have been validated by the U.S. Department of
Education:
1. Students who participate in SI earn higher mean final grades that those who
do not participate in SI.
2. Students who participate in SI have a higher rate of A, B, and C grades than
students who do not participate.
3. Students who participate in SI persist and graduate at higher rates that those
who do not participate (Center for Academic Development, 2000).
The SI program has been disseminated to other campuses nationally and
internationally. The National Center for Supplemental Instruction at UMKC has provided
training to establish their own SI programs to faculty and staff from well over 800
institutions in the United States and 165 institutions from 12 countries (Arendale, 2000;
Center for Academic Development, 2000).

The SI Model
The SI model is grounded in retention theories asserting that students are more
likely to stay in college if they feel part of the institution and are involved in academic
and social activities at the institution (Commander & Stratton, 1996; Kenney & Kallison,
1994; Martin & Arendale, 1993).
SI is different from other learning assistance programs in that it targets
historically difficult or high-risk courses, not high-risk students. Historically difficult or
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high-risk courses are those in which at least 30% or more students typically receive a
grade of D, F, and/or withdraw from the course. (Blanc, et al., 1983; Congos & Schoeps,
1993; Zaritsky, 1994). High-risk students are students who could be susceptible to failure
in college-level courses due to factors such as insufficient academic preparation. The SI
program is open to all students enrolled in historically difficult or high-risk courses,
regardless of their academic level. In this manner, “the remedial stigma often attached to
academic assistance programs” (Arendale, 1997, p. 2) is avoided. The goals of SI were to
improve academic performance, to reduce drop-out rates in historically difficult courses,
and to increase student retention (Arendale, 1997; Congos & Schoeps, 2003).
SI sessions were peer-led study groups offered as a supplement to the high-risk
course with the support of the instructor. The purpose of these sessions was to help
students acquire the college level learning skills necessary to master course content.
(Congos & Mack, 2005; Congos & Schoeps, 1998, 2003; Martin & Arendale, 1993). SI
sessions were lead by peers, called SI leaders, who were trained to help students combine
study skills with course content and who promoted interaction and collaboration to help
students become independent learners (Congos & Schoeps, 1998; Martin & Arendale,
1993). SI leaders were undergraduate students who were selected from the students who
earned an A grade in the historically difficult course, demonstrating that they not only
mastered the course content, but also mastered the study skills required to succeed in
college-level courses. Thus, SI leaders were able to model different ways to learn the
material and demonstrate thinking and problem solving strategies that lead to mastery of
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the course content (Congos & Schoeps, 1998; Martin & Arendale, 1993; Ogden,
Thompson, Russell, & Simons, 2003).
SI leaders were facilitators. They did not re-lecture, gave content answers, or
introduced new material. In SI sessions, the sources of course content were the author of
the textbook and the instructor. The SI leaders were trained to redirect questions back to
the students to encourage them to find answers to questions and solutions to problems on
their own. In this manner, SI leaders created an environment of collaboration and model
the learning skills needed to learn specific content. (Congos & Mack, 2005; Congos &
Schoeps, 2003).

Theoretical Framework of SI
Learning theorists, such as Bruner (1966), Vygotsky (1978), and Keimig (1984),
have emphasized the benefits of collaboration and group study in helping students
construct new knowledge and become independent learners. According to Bruner,
learning is an active process where students can construct their own knowledge. The
instructor acts as a facilitator, using questioning techniques and allowing students to use
previous knowledge to build into new knowledge. Vygotsky’s theory suggests that
cognitive development and learning are a product of social interaction. Keimig studied
different types of academic support programs and found that the ones that have the
greatest impact on GPA and retention are those that combine learning skills with course
content. Bandura (1977) also emphasized the relevance of social interaction in learning
and motivation. These theories constitute the foundation for the SI model, where learning
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is a product of student interaction, collaboration, and acquisition of study strategies
applied to course content (Arendale, 1997; Congos & Schoeps, 1993).

Inside SI Sessions
As previously mentioned, SI was offered in historically difficult or high-risk
courses. These were usually undergraduate introductory courses where 30% or more
students typically receive a grade of D, F, and/or withdraw from the course (Blanc et al.,
1983; Congos & Schoeps, 1993, 2003). In addition, these courses usually had a high
student enrollment and a rigorous course content that constitute the foundation for upperlevel courses (Arendale, 2000).
In a typical SI program, historically difficult courses were identified and SI
leaders were hired to lead three to four SI sessions per week. At University of Central
Florida (UCF), a professional staff member who had received training at a regional or
national SI supervisor workshop coordinated and supervised the SI program. The SI
coordinator selected the historically difficult courses and hired the SI leaders. SI was
offered in the historically difficult course sections a long as the instructors who taught
those sections agreed to have SI support (Congos & Mack, 2005). At UCF, SI support
was an option, not a requirement for these classes. Instructors usually welcomed having
SI support in their classes and rarely asked not to have this support.
SI leaders were undergraduate students who had successfully completed the highrisk course with an A grade (Congos & Mack, 2005; Congos & Schoeps, 1993). In
addition to a solid background in the content matter, SI leaders must possess “well-
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developed interpersonal skills, a desire to help others succeed, a willingness to learn a
new leadership style, good communication skills, and the ability to accept feedback and
refine leadership behaviors” (Congos & Mack, pp. 44). One of the jobs of the SI
coordinator was to interview and select good SI leaders based on the above
characteristics. In addition, instructors approved of the SI leader selection for their class
(Congos & Mack).
At the time of this study, UCF SI leaders were expected to work ten hours per
week, for which they were paid $8.00 an hour. The ten hours were divided as follows:
three hours attending the class lecture, four hours leading SI sessions, one hour attending
a weekly staff training meeting, one hour for feedback after the SI supervisor or SI
mentor had observed an SI session, and one hour for preparation time (Congos & Mack).
SI leaders also attended a two-day training the week before the semester started.
SI leaders were trained in “non-directive leadership skills, group process skills, and
learning skills” (Congos & Schoeps, 1993, pp. 166). Topics covered during SI leader
training included: opening and closing SI sessions, formulating open-ended questions,
questioning techniques to encourage student interaction, informal quiz, visual techniques,
note taking, mnemonic devices, and test taking strategies (Center for Academic
Development, 2003). The purpose of the training was to ensure SI leaders would not relecture, give answers, solve problems for the students, or act as mini-instructors. Instead,
they would establish rapport with the students and use questioning techniques to
encourage students to ask questions on unclear or confusing material (Congos &
Schoeps, 1993, 2003).
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A typical question SI leaders asked at the beginning of an SI session is “What
would you like to do today?” This way, SI participants set the agenda of what would be
covered in the SI session, not the SI leader. Once a question was asked, it was reflected
back to the group. Students were encouraged to provide answers and steps to solutions to
problems using the lecture notes and the textbook as the source of information. The role
of the SI leader was to assist students in this process by asking questions to encourage
thinking, reasoning and application of concepts. SI leaders recorded students’ responses
on the board, modeling good note-taking and organization skills. Once the question was
answered or the problem was solved, SI leaders modeled strategies to learn the
information and encouraged students to share effective study skills. The acquisition of
learning strategies applied to the course content allowed students to increase their
understanding and to effectively apply this knowledge to new situations (Congos &
Schoeps 2003).
SI sessions used five types of activities. These modes of operation of SI, as
described by Congos and Schoeps (2003), were as follows:
1. Note building: students collaborate to build a complete set of notes from
textbooks and lecture, sharing organizational techniques.
2. Question /Answer: students work together in the development of questions
and answers that could possibly appear on a test.
3. Problem solving: students collaborate in developing steps and strategies to
solve problems.
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4. Sample test: students answer and discuss sample test questions created by
them or by the SI leader.
5. Post-test survey: after a test, students analyze their performance and evaluate
the effectiveness of the strategies used to learn the test material. This enables
them to adjust their learning skills and to study more effectively for the next
exam.
Congos (2003) identified certain conditions, behaviors, and activities that were
helpful to students and others that were not. He favored conditions where there was
reciprocal trust, rather than distrust. For example, when the SI leaders opened the SI
session by inviting students to decide what they wanted to cover and to provide attempts
to answers, they were fostering a safe environment where students were more receptive
and more willing to take risks. Other conditions that were desirable in SI sessions were
cooperative learning, shared problem solving, experimentation and autonomy. Conditions
that were not favorable and hindered independence were distrust, teaching, planning, and
coaching. Congos (2003) insisted in the importance of training SI leaders to set
conditions and include activities that promoted independence.

Supplemental Instruction and Academic Achievement
The effectiveness of SI programs in increasing student success and course
completion rates is well documented in the literature. Blanc et al. (1983) evaluated the SI
program at the University of Missouri-Kansas City, where large undergraduate courses
had a high rate of withdrawals and failing grades. Using a sample of about 700 students
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enrolled in four different courses that offered SI, the researchers found that students who
attended SI sessions had significantly higher grades in their courses than those who did
not attend. Compared to previous years, the researchers observed a noticeable
improvement in overall academic performance and retention rates in courses that offered
SI to their students.
At Kingston University in England, SI was incorporated into computer science,
mathematics, science, and engineering classes in 1990, and significantly higher mean
final grades for SI participants compared to non-SI participants were reported (Bidgood,
1994). Commander and Stratton (1996) reported that, in a pilot SI program put in place at
Georgia State University in 1993, students who attended SI sessions three or more times
scored one-half to one letter grade higher than non-SI participants. The researchers
indicated that the reporting of these data resulted in increased funding and an expansion
of SI to 28 course sections by 1996. In their study of SI at Ohio University, Romoser et
al. (1997) reported higher grades and completion rates for students who attended SI
sessions. The researchers also found that SI attendees had lower percentages of failing
grades and withdrawals than non-SI attendees.
Research studies have supported the effectiveness of SI in content areas. For
example, Kenney and Kallison (1994) reviewed two studies of SI in mathematics
conducted at The University of Texas at Austin. Both studies compared the performance
of students in two calculus courses taught by the same instructor, where only one of the
sections provided SI to the students. One study showed significant differences in
academic performance between the SI and the non-SI group. The second study did not
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show significant differences. The researchers attribute this to the fact that the courses
were offered in different semesters and data were collected at different points in time.
Stephens (1995) found a positive impact of SI attendance on final grades for students in
developmental mathematics courses based on perceived course difficulty and degree of
student activity during SI sessions.
SI has been implemented in undergraduate chemistry courses, with positive
results in terms of student participation in SI sessions and higher academic performance
for students who participated in SI sessions. Lundberg (1990) examined the effect of SI
in general and organic chemistry courses over two years at University of Wisconsin.
Results indicated that SI contributed to significantly higher grades for SI attendees in
those courses. Studies conducted at Saint Xavier University in Chicago, where SI was
used in introductory chemistry courses for nursing students, revealed higher mean course
grades and lower rates of D, F, and course withdrawals for students who attended SI
sessions six or more times (Lockie & Van Lanen, 1992; Van Lanen & Lockie, 1997). In a
study of organic chemistry courses that offered SI, Webster and Hopper (1998) found that
SI participants had significantly higher mean final course grades and a lower rate of D
and F grades and course withdrawals than non-SI participants.
More recent studies have reported higher mean final grades in chemistry and
biology courses for SI participants. At the University of Central Florida, Warren and
Tonsetic (1998) found statistically significant grade improvement for students who
attended SI sessions in four large introductory biology and chemistry classes. At North
Carolina State University, Gattis (2000) found that the implementation of SI in
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undergraduate chemistry courses produced not only higher final grades for SI
participants, but also long-term benefits in terms of retention of concepts and
improvements in problem solving skills. Congos & Mack (2005) reported similar results
when SI was implemented in undergraduate chemistry courses at the University of
Central Florida (UCF).
The long-term impact of SI in terms of student retention has also been
documented. At California State University, Ramirez (1997) found that SI had a positive
impact in persistence not only on traditional students, but also on conditionally-admitted
students, and students who were either underprepared or members of underrepresented
groups. Ogden et al., (2003) studied regularly and conditionally-admitted students who
voluntarily participated in SI sessions offered in two sections of introductory political
science at a large southern university. The researchers found that conditional students
who participated in SI not only had higher academic performance than regular students,
but also that they reenrolled at higher rates.

Supplemental Instruction and the Affective Domain
While the positive impact of SI on student academic achievement and retention
has been well documented, few studies have explored the relationship of SI and affective
variables such as motivation, self-efficacy, locus of control, and self-esteem. Visor,
Johnson, and Cole (1992) addressed this issue in a study of 300 students enrolled in an
introductory psychology class at a four-year public university. SI sessions were available
for this class. Students completed pretests and posttests to measure locus of control—
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feeling of being in command of one’s lives, self-efficacy—belief of one’s competence
and ability of success, and self-esteem—belief of one’s worth. The researchers found that
students who attended four or more SI sessions had higher internal locus of control
(belief that events in their lives are controlled by their own actions) and higher levels of
self-efficacy than those who attended SI occasionally or not at all (Visor et al., 1992).
The study did not reveal statistically significant gains in these affective variables as a
result of SI participation.
At North Carolina State University, Gattis (2002) examined the relationship
between SI participation and motivation for students in undergraduate chemistry courses.
He found that, even though motivation was a factor associated with higher grades, SI
attendance contributed to additional gains in academic performance. Students who had
initially shown high motivation to attend SI and attended SI four or more times during the
academic term earned significantly higher final course grades than students who were
highly motivated but only attended SI between one and three times or did not attend at
all. Gattis concluded that the interaction that occurred during SI sessions, combined with
the opportunity to ask questions in a safe environment and additional practice and
rehearsal, contributed to these results.
The benefits of SI extended not only to the students who had the opportunity to
participate but also to the SI leaders who facilitated the sessions and the faculty who
taught the courses associated with SI. Congos and Mack (2005) used end-of-semester
survey results to gather anecdotal responses from faculty, SI leaders, and students in
introductory chemistry courses at UCF. Some of the benefits reported by faculty were: (a)
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improvement of the learning environment, (b) better prepared students, and (c) higher
grades and improved study skills. Students’ comments can be summarized as follows: “‘I
would have failed chemistry again if it wasn’t for SI.’… ‘Working with other students
helped me solve problems.’… ‘I liked the way the SI leader made us think. He would
help us come up with solutions together. He encouraged us and showed us how he solved
problems when we were stuck.’” (p. 51). SI leaders reported the following about their
experience: a) satisfaction of knowing they were able to help students gain confidence in
their ability to understand chemistry, b) receiving student appreciation for their efforts,
and c) having an effect on others by transferring their own learning strategies for
chemistry.

Self-Regulated Learning
Students who are academically successful are usually highly motivated, display
initiative, are strategic about managing their course load, and find ways to overcome
obstacles that impede their learning. Students with these characteristics are also more
likely to persist in college (Krause, 2005). The literature refers to these activities as selfregulated learning. According to Zimmerman (1990), self-regulated learners “approach
educational tasks with confidence, diligence, and resourcefulness … they are aware when
they know a fact or possess a skill and when they do not” (p. 4).
Self-regulated learning involves cognitive and metacognitive activities. Cognitive
activities include rehearsal, elaboration, self-testing, and organizational strategies that
help students recall, understand, and apply information (Schunk, 1990; VanderStoep,

29

Pintrich, & Fagerlin, 1996). Metacognitive activities involve processing information,
setting goals, and monitoring and controlling the learning process (VanderStoep et al.;
Winne, 1996; Zimmerman, 1990).
Zimmerman (1990) described three features in students’ self-regulating process.
The first feature was the use of self-regulating strategies. This implies all the actions and
behaviors directed to the effective acquisition of knowledge. The author claimed that
self-regulatory learners not only use effective learning strategies, but also know how and
when to use them to achieve their academic goals. The second feature described by
Zimmerman was a “self-oriented feedback about learning effectiveness” (p. 6). This
feature involves a continuous assessment of the effectiveness of the learning strategies
and the ability to adjust or change these strategies based on perceived effectiveness. The
third feature of the self-regulating process was the motivation of students to use these
processes. Zimmerman indicated that students must not only be capable of self-regulation
but that they must also be motivated by the outcomes of such efforts.

Self-Regulated Learning Research
The relationship between self-regulated learning and academic achievement was
well documented. Zimmerman and Martinez-Pons (1986) developed a structured
interview involving 14 different self-regulating learning strategies. After interviewing 80
high school students, they found that students with superior academic performance used
more self-regulated learning strategies. To provide validity to the results of the study, the
researchers used factor analysis involving teachers’ ratings of the students and
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standardized test scores. They found that other than general ability, self-regulated
learning strategies contributed significantly to students’ academic attainment.
In a study conducted at a Midwestern university with 140 college students
majoring in education, Linder and Harris (1993) found a statistically significant
relationship between self-regulated learning strategies and grade point average (GPA).
The researchers developed an instrument with items on a Likert scale, which they piloted
and tested for validity and reliability of their scores. Zimmerman and Bandura (1994)
examined the role of self-regulatory processes in writing ability of college students. They
found that students who believed in their capacity to self-regulate their learning
performed better academically.
In a study of 190 students with different majors, Schiefele, Wild, and Krapp
(1995) investigated the relationship between motivation, use of learning strategies, and
course grades. The researchers developed and used questionnaires to measure extrinsic
motivation—student learning determined by external goals—and metacognition. They
used the Motivated Strategies for Learning Questionnaire (MSLQ) to assess learning
skills. Results indicated that the more interested and extrinsically motivated students had
higher achievement, determined by the use of metacognitive strategies.
VanderStoep et al. (1996) examined differences in self-regulation and motivation
based on achievement level and discipline. Their study included 380 college students
enrolled in natural science, social science, and humanities courses at three different
institutions. The students reported their motivational beliefs and self-regulation strategies
by completing the MSLQ at the beginning and at the end of the semester. The sample
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was divided into achievement groups based on their final GPA in the course: low,
medium, and high achievers. Results revealed that high achievers in social and natural
sciences had higher levels of motivation and self-regulation.
Ray, Garavalia, and Gredler (2003) explored gender differences in self-regulated
learning and achievement in developmental college students. The MSLQ was
administered to a sample of 286 developmental students from a mid-western community
college. The researchers found gender differences in achievement, use of learning
strategies for higher achieving students. For example, females reported using more
learning strategies than males, while males reported using more external learning support.
Niemczyk and Savenge (2001) studied the relationship between student selfregulated learning strategies and academic achievement in a computer literacy course at a
large southwestern university. The MSLQ was used to measure motivation and selfregulated learning. The researchers found that the learning strategy of elaboration was
positively correlated with higher grades. Other constructs that were highly correlated with
academic achievement were self-efficacy and extrinsic goal orientation. Self-efficacy
refers to the belief in the ability to achieve one’s goals and confidence to succeed.
Extrinsic goal orientation refers to the individual’s focus on competition and desire to
“prove their ability to others” (Niemczyk & Savenge, p. 314).
Polleys (2002) investigated the relationship between academic achievement and
self-regulated learning in a study involving 126 college students, all of whom completed
the MSLQ. No significant relationship between achievement and self-regulated learning
was found for the whole group. However, when the group was divided into remedial and

32

non-remedial students, a relationship between achievement and self-regulated learning
was found for the non-remedial group.

Self-Regulated Learning Assessment
Educational psychologists and educators have developed a variety of assessment
methods and instruments to measure self-regulated learning characteristics such as
motivation, cognition, metacognition, and other affective variables that influence
learning. Zimmerman and Martinez-Pons (1986) developed the Self-Regulated Learning
Interview Schedule (SRLIS), a structured interview tool measuring cognition and
metacognition. The Learning and Study Strategies Inventory, also known as LASSI,
(Weinstein, Zimmerman, & Palmer, 1988) measured cognition, metacognition,
motivation, and affect (Radloff & de la Harpe, 2001). The LASSI was widely used both
as a diagnostic tool to assess students’ needs for study skills development and as a
posttest to assess the effectiveness of learning skills programs (Everson, Weinstein, &
Laitusis, 2000). Other assessment tools included Classroom Assessment Techniques
(CAT’s) (Angelo & Cross, 1993) and the Perceived Self-Efficacy for Writing Scale
(PSEWS), which measured metacognitive skills applied to writing (Zimmerman &
Bandura, 1994).
An important researcher in the field of self-regulated learning was Paul Pintrich.
He developed a conceptual framework that resulted in the development of the Motivated
Strategies for Learning Questionnaire (MSLQ) (Schunk, 2005). The MSLQ “is a selfreport instrument designed to assess college students’ motivational orientations and their
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use of different learning strategies for a college course” (Pintrich, Smith, Garcia, &
McKeachie, 1991, p. 3). The MSLQ uses a “social-cognitive” theoretical framework
which assumes that “motivation and learning strategies are not traits to the learner, but
rather that motivation is dynamic and contextually bound and that learning strategies can
be learned and brought under the control of the students” (Duncan & McKeachie, 2005,
p. 117). Under this perspective, student motivation will vary depending on the type of
college-level course and the value students place on the task at hand (Duncan &
McKeachie).
The MSLQ was developed in the 1980s at the University of Michigan by
educational psychologists Paul Pintrich and Wilbert McKeachie. The early versions of
the instrument were pilot-tested, and the scores produced by the items were subject to
statistical analysis to assess validity and reliability until the final version was obtained.
(Pintrich et al., 1991). In addition, studies were carried out with over 2,000 University of
Michigan students for over five years to establish correlations between motivation,
cognitive and metacognitive strategies and academic performance (Duncan &
McKeachie, 2005; Pintrich et al.).
In A manual for the use of the Motivated Strategies for Learning Questionnaire
(MSLQ), Pintrich et al. (1991) presented statistics for validity and reliability of the scores
produced by the scales in the MSLQ. Scale correlations with final grade established the
scores’ predictive validity. In addition, Cronbach’s alphas ranging between 0.52 and 0.93
indicated the scores produced by the scales are reliable. Further confirmatory factor
analyses indicated the instrument’s scores were reasonably valid.
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The MSLQ had a total of 81 items divided in two sections: a motivation section
and a learning strategies section (Duncan & McKeachie, 2005; Radloff & de la Harpe,
2001). The motivation section was composed of 31 items that assessed students’ goal
orientation, beliefs about their ability to succeed in the course, and their anxiety level.
The learning strategy section contained 31 items that measured students’ use of cognitive
and metacognitive skills and 19 items that assessed student resource management
(Duncan & McKeachie; Radloff & de la Harpe).
The motivation section of the MSLQ had three scales: value component,
expectancy component, and affective component. The value component or goal
orientation scale was composed of 14 items. This scale was “based on both achievement
goal theory and expectancy-value theory” (Duncan & McKeachie, 2005, p. 119) and
focused on the reasons why students might engage in a specific learning activity (Pintrich
et al., 1991). It included three subscales: (a) Intrinsic goal orientation—when students
engage in a task for the sake of learning (4 items); (b) extrinsic goal orientation—when
students engage in learning for reasons such as rewards, grades, competition, or
recognition of others (4 items); and (c) task value—or students’ perception of the
importance of the learning task (6 items) (Duncan & McKeachie; Pintrich et al.).
The expectancy component included 12 items that measure students’ beliefs of
their ability to succeed in a task. (Duncan & McKeachie, 2005). This component included
two subscales: (a) Control of learning beliefs—students’ beliefs that positive learning
outcomes are a result of their own efforts and not of external factors (4 items); and (b)
self-efficacy for learning and performance, which measures students’ performance
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expectations and their confidence in their ability to accomplish a learning task (8 items).
The affective component included 5 items which refer to test anxiety or students’
concerns and feelings about their test-taking skills (Duncan & McKeachie; Pintrich et al.,
1991).
The learning strategies scales of the MSLQ were based on three constructs:
cognition, metacognition, and resource management (Duncan & McKeachie, 2005). The
cognitive scales referred to students’ use of strategies to acquire and process new
information from lectures and textbooks. With 19 items, the cognitive scales included the
following subscales: (a) Rehearsal—the recitation of material to facilitate recall (4
items), (b) elaboration—which includes strategies such as paraphrasing, memorization,
and creating analogies, to help students solidify ideas and concepts in their long term
memory (6 items); (c) organization—which includes strategies such as outlining,
summarizing, creating diagrams and concept maps (4 items); and (d) critical thinking—
the ability of students to apply previous knowledge to solve new problems and make
decisions (5 items) (Duncan & McKeachie; Pintrich et al., 1991).
The metacognitive construct was assessed by one subscale called metacognitive
self-regulation. This category consisted of 12 items which referred to the degree to which
students were able to control and regulate their learning (Duncan & McKeachie, 2005;
Pintrich et al., 1991). Metacognitive activities included planning, goal setting, tracking
cognitive strategies, questioning, self-testing, and adjusting one’s learning strategies to
improve performance (Pintrich, et al.).
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The resource management scales of the MSLQ included the following subscales:
(a) Time and study environment management (8 items), (b) effort regulation—or the
ability to manage difficulties and distractions (4 items), (c) peer learning—using study
groups (3 items), and (d) help seeking—looking for help from the professor, tutors, or
peers when facing learning difficulties (4 items) (Duncan & McKeachie, 2005; Pintrich et
al., 1991).
The MSLQ has become a widely used in self-regulation research, especially in
research studies that assessed the influence of motivation, and self-regulated learning in
student academic achievement (Niemczyk & Savenge, 2001; Polleys, 2002; Ray et al.,
2003; Schiefele et al., 1995; VanderStoep et al., 1996). Schunk (2005) noted that more
research was needed on self-regulation in specific content areas. Such knowledge may be
useful in developing curricula and teaching strategies directed to the development of selfregulation applied to content areas (Schunk).

Summary
The first section of this chapter was dedicated to the review of literature
examining all aspects of the Supplemental Instruction (SI) model. The review included a
description of the model, its theoretical foundations, operation of the program, and
highlights of major research studies concerning the practice of SI and its effectiveness in
enhancing students’ academic success and self-regulated learning.
The second section of this literature review was intended to develop an
understanding of the conceptual framework of self-regulated learning, including a review
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of studies documenting the relationship of self-regulation and academic achievement.
The analysis included an overview of different assessment tools used in past research to
measure the different aspect of self-regulated learning behaviors. The work of Paul
Pintrich and the Motivated Strategies for Learning Questionnaire (MSLQ) was described
in great detail.

Organization of the Study
Chapter 3 describes the framework for the study and the methodology used for
sampling, instrumentation, data collection, and data analysis. Chapter 4 presents the data
analysis and its results. Chapter 5 summarizes the findings of the study, including
recommendations, implications for practice, and need for future research.
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CHAPTER 3
METHODOLOGY
Statement of the Problem
College student retention has been an area of concern for higher education
administrators and researchers in the last two decades. According to a study from the
National Institute of Independent Colleges and Universities (NIICU), less than half of
students sampled obtained a bachelor’s degree within six years of enrollment (Porter,
1990). Another study of 365 four-year institutions revealed that about 60% of freshmen
who entered baccalaureate institutions in 1985 did not graduate after four years (Astin,
Tsui, & Avalos, 1996). Porter and Tinto (1993) have indicated that students tend to
dropout at higher rates during their first and second year of college.
Academic failure and lack of college-level study skills are among the many
reasons leading to college student attrition (Erickson & Strommer, 1991; Ramist, 1981).
According to Yorke and Longden (2004), one out of three students who dropped out,
failed to meet the academic rigors of college and lacked the study skills required to
succeed in their courses. Tinto (1993) claimed that social and academic integration are
factors affecting student success and persistence to graduation.
Academic success and retention are a product of student social and academic
involvement (Pascarella, Terenzini, & Wolfe, 1986; Tinto, 1993). As a result, many
researchers, including Ramist (1981) and Tinto, have advocated retention programs that
provide a balance between academic and social involvement. An example of such
program is Supplemental Instruction (SI). SI was identified as a retention program that
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addressed the issue of academic and social involvement because it provided students with
an environment where they can interact with faculty and students while acquiring
relevant study skills applied to course content (Congos & Schoeps, 2003; Martin &
Arendale, 1993).
Research indicates that students who are motivated and apply strategies to
regulate their learning have higher academic performance (Linder & Harris, 1993;
VanderStoep et al, 1996; Zimmerman & Bandura, 1994; Zimmerman & Martinez-Pons,
1986). VanderStoep et al. characterized these behaviors as self-regulated learning.
Although these strategies can be taught by implementing courses and workshops
addressing study skills and self-regulation activities, these skills are best learned when
they are modeled by peers and taught within the context of a specific course or discipline
(Zimmerman, 2002). SI sessions provide students with the opportunity to learn study
strategies and metacognitive skills within the context of a course in a collaborative
environment (Congos & Schoeps, 1993).
The impact of SI on academic success and retention is well documented in the
literature. National and international studies conducted in academic institutions where SI
programs have been implemented showed that student participation in SI is associated
with higher average final grades and lower percentages of D and F grades or withdrawals
(Arendale, 1997; Blanc, et al., 1983; Commander & Stratton, 1996; Congos & Schoeps,
1993; Lundberg, 1990; Martin & Arendale 1993; Romoser et al., 1997; Zaritsky, 1994).
Visor et al. (1992) and Gattis (2002) further examined the impact of SI on motivation,
and gains in cognitive and metacognitive strategies. This study aimed to investigate the
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differences in student academic performance and self-regulated learning in two
introductory undergraduate science courses based on student level of participation in SI
sessions. Academic performance was measured using students’ final course grades. The
self-regulated learning constructs of motivation, use of learning strategies, and
metacognition were measured using the Motivated Strategies for Learning Questionnaire
(MSLQ).

Population and Sample
This study was conducted at the main campus of University of Central Florida
(UCF) in Orlando, Florida during the Spring 2006 semester. The population of this study
included 744 students enrolled in two undergraduate course sections of General Biology
(BSC 2010) and Fundamentals of Chemistry I (CHM 2045). Two hundred eighty-two
students were enrolled in BSC 2010 and 462 students were enrolled in CHM 2045. These
numbers represented student enrollment after the add/drop period during the first week of
classes. These two courses were selected because of their high student enrollment and
because historically they are considered difficult, with grades of D or F, or withdrawals
from the course accounting for 30% to 45% of the course enrollment. About 65% of
students enrolled in these courses were freshmen.
SI sessions were offered for these two course sections starting the second week of
classes. Each course had four SI sessions that students could attend every week. Students
were given the choice of attending as many SI sessions as they wished. The Motivated
Strategies for Learning Questionnaire (MSLQ) was administered twice to all students in
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the selected BSC 2010 and CHM 2045 classes: the third week of classes and the week
before final exams.
For research question 1, the sample was delimited to students in each course
section who completed both administrations of the MSLQ, were taking the course for the
first time, and completed the course obtaining a final letter grade. For research question
2, the sample was delimited to students enrolled in each course who completed the
second administration of the MSLQ, were taking the course for the first time, and
completed the course obtaining a final letter grade. The sample for research question 3
was delimited to subjects in each course who completed the course and took the course
for the first time. For research questions 4 and 5, the samples were delimited to students
who completed each course and were taking the course for the first time. Students who
withdrew from the courses were excluded from the study, except for the analysis of
research question 4.
The delimited samples were further divided into four groups according to their
level of participation in SI sessions. These were convenience samples because students
were self-selected by choosing to complete the MSLQ and to participate or not in SI
sessions. Students were identified using their names and Personal Identification Number
(PID) from class rosters.

Instrumentation
The instrument used in this study was the Motivated Strategies for Learning
Questionnaire (MSLQ) (Pintrich et al., 1991). The MSLQ, an 81-item questionnaire
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developed by the educational psychologist, Paul Pintrich, measured the use of selfregulated learning components of motivation, cognition, metacognition, and resource
management (Duncan & McKeachie, 2005). Permission to use the MSLQ was obtained
from Marie Bien in the Combined Program in Education & Psychology (CPEP) at
University of Michigan. Before his death in 2003, Pintrich authorized her to give
permission to researchers to use the MSLQ (See Appendix C).
The instrument was divided in two sections: a motivation section and a learning
strategies section (Duncan & McKeachie, 2005; Radloff & de la Harpe, 2001). The
motivation section was composed of 31 items that assessed students’ goal orientation,
beliefs about their ability to succeed in the course, and their anxiety level. The learning
strategy section contained 31 items that measured students’ use of cognitive and
metacognitive skills and 19 items that assessed student resource management (Duncan &
McKeachie; Radloff & de la Harpe).
The motivation section of the MSLQ had three scales: value component,
expectancy component, and affective component. The value component or goal
orientation scale was composed of 14 items. This scale focused on the reasons why
students might engage in a specific learning activity (Pintrich et al., 1991) and was
“based on both achievement goal theory and expectancy-value theory” (Duncan &
McKeachie, 2005, p. 119). The scale included three subscales: (a) intrinsic goal
orientation—when students engage in a task for the sake of learning (4 items); (b)
extrinsic goal orientation—when students engage in learning for reasons such as rewards,
grades, competition, or recognition of others (4 items); and (c) task value—or students’
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perception of the importance of the learning task (6 items) (Duncan & McKeachie;
Pintrich et al.).
The expectancy component included 12 items that measure students’ beliefs of
their ability to succeed in a task (Duncan & McKeachie, 2005). This component included
two subscales: (a) control of learning beliefs—students’ beliefs that positive learning
outcomes are a result of their own efforts and not of external factors (4 items); and (b)
self-efficacy for learning and performance, which measures students’ performance
expectations and their confidence in their ability to accomplish a learning task (8 items).
The affective component included 5 items which refer to test anxiety or students’
concerns and feelings about their test-taking skills (Duncan & McKeachie; Pintrich et al.,
1991).
The learning strategies scales of the MSLQ were based on three constructs:
cognition, metacognition, and resource management (Duncan & McKeachie, 2005). The
cognitive scales referred to students’ use of strategies to acquire and process new
information from lectures and textbooks. With 19 items, the cognitive scales included the
following subscales: (a) rehearsal—the recitation of material to facilitate recall (4 items),
(b) elaboration—which includes strategies such as paraphrasing, memorization, and
creating analogies, to help students solidify ideas and concepts in their long term memory
(6 items), (c) organization—which includes strategies such as outlining, summarizing,
creating diagrams and concept maps (4 items), and (d) critical thinking—the ability of
students to apply previous knowledge to solve new problems and make decisions (5
items) (Duncan & McKeachie; Pintrich et al., 1991).
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The metacognitive construct was assessed by one subscale called metacognitive
self-regulation. This category consisted of 12 items which referred to the degree to which
students were able to control and regulate their learning (Duncan & McKeachie, 2005;
Pintrich et al., 1991). Metacognitive activities included planning, goal setting, tracking
cognitive strategies, questioning, self-testing, and adjusting one’s learning strategies to
improve performance (Pintrich, et al.).
The resource management scales of the MSLQ included the following subscales:
(a) time and study environment management (8 items), (b) effort regulation—or the
ability to manage difficulties and distractions (4 items), (c) peer learning—using study
groups (3 items), and (d) help seeking—looking for help from the professor, tutors, or
peers when facing learning difficulties (4 items) (Duncan & McKeachie, 2005; Pintrich et
al., 1991).
Figure 1 illustrates the structure of the MSLQ, as described in A manual for the
use of the Motivated Strategies for Learning Questionnaire (MSLQ) by Pintrich et al.
(1991).
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Motivation
Section
(31 items)

MSLQ
Scales
(81
items)

Value
Component
Scale
(14 items)

Intrinsic Goal Orientation (4 items: 1,
16, 22, 24)
Extrinsic Goal Orientation (4 items: 7,
11, 13, 30)
Task Value (6 items: 4, 10, 17, 23, 26,
27)

Expectancy
Component
Scale
(12 items)

Control of Learning Beliefs
(4 items: 2, 9, 18, 25)
Self-efficacy (8 items: 5, 6, 12, 15, 20,
21, 29, 31)

Affective
Component
(5 items)

Test Anxiety (5 items: 3, 8, 14, 19, 28)

Rehearsal (4 items: 30, 46, 59, 72)
Elaboration (6 items: 53, 62, 64, 67,
69, 81)
Organization (4 items: 32, 42, 49, 63)
Critical Thinking (5 items: 38, 47, 51,
66, 71)

Cognitive
Scales
(19 items)

Learning
Strategy
Section
(50 items)

Metacognitive
Scales
(12 items)

Metacognitive Self-Regulation
(12 items: 33*, 36, 41, 44, 54, 55, 56,
57*, 61, 76, 78, 79)

Peer Learning (3 items: 34, 45, 50)
Help Seeking (4 items: 40*, 58, 68, 75)
Resource
Effort Regulation (4 items: 37*, 48,
Management
60*, 74)
Scales
Time and Study Environment
(19 items)
(8 items: 35, 43, 52*, 65, 70, 73, 77*,
80*)
*Reverse coded items
Figure 1: Structure of the Motivated Strategies for Learning Questionnaire (MSLQ).
Based on information taken from A manual for the use of the Motivated Strategies for
Learning Questionnaire (MSLQ) by Pintrich et al. (1991).
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The MSLQ had a total of 81 items scored on a seven-point Lickert scale, from 1
(not at all true of me) to 7 (very true of me). According to Pintrich et al. (1991), “the
scales are constructed by taking the mean of the items that make up that scale” (p. 5). For
example, a student’s score for test anxiety was the average of the responses to items 3, 8,
14, 19, and 28. The MSLQ had reverse-coded items (indicated in Figure 1 with an
asterisk). These negatively-worded items were reversed before computing the
individual’s score by subtracting the original score from 8 (Pintrich et al.).
For the purpose of this study, students were asked to answer all 81 items of the
MSLQ. Students were assessed on the self-regulated learning factors of motivation (31
items), cognition (19 items), metacognition (12 items), and resource management (19
items). The scores for each of these factors or scales were calculated by taking the mean
of the item responses corresponding to each scale. The mean scores obtained on each one
of these constructs were the dependent variables associated with the first two research
questions.

Score Reliability and Validity
In A manual for the use of the Motivated Strategies for Learning
Questionnaire (MSLQ), Pintrich et al. (1991) presented statistics for validity and
reliability of the scores produced by the MSLQ. The MSLQ scores were validated using a
sample of 380 Midwestern students (Pintrich et al., p. 4). According to the authors, “scale
correlations with final grade were moderate, albeit significant, demonstrating predictive
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validity” (p. 4). In addition, Cronbach’s alphas ranging between 0.52 and 0.93 indicated
the scores produced by the scales had internal consistency or reliability.
Table 1 illustrates the internal consistency coefficients for the scores produced by
the scales of the MSLQ.
Table 1
Scales and Internal Reliability Coefficients for the Motivated Strategies for Learning
Questionnaire (MSLQ)*
Scales

Cronbach Alphas

Motivation
Intrinsic Goal Orientation

.74

Extrinsic Goal Orientation

.62

Task Value

.90

Control of Learning Beliefs

.68

Self-efficacy

.93

Test Anxiety

.80

Learning Strategies
Rehearsal

.69

Elaboration

.76

Organization

.64

Critical Thinking

.80

Metacognitive Self-regulation

.79

Time and Study Environment

.76

Peer Learning

.76

Help Seeking

.52

* Based on information taken from A manual for the use of the Motivated Strategies for
Learning Questionnaire (MSLQ) by Pintrich et al. (1991).
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Pintrich et al. (1991) also tested the MSLQ for factor validity using confirmatory
factor analyses, with results indicating the instrument’s scores were reasonably valid.

Procedures and Data Collection
The two undergraduate course sections selected for this study were General
Biology (BSC 2010) and Fundamentals of Chemistry I (CHM 2045). Both courses were
offered in the Spring 2006 semester. The instructors for BSC 2010 and CHM 2045 met
with the researcher and agreed to have their class participate in SI and to allow the
administration of the MSLQ in their lecture classes. In addition, both instructors agreed
to give extra credit points for participation in SI sessions.
The SI leader for BSC 2010 was a junior who had been hired and trained the
previous semester and had one semester of experience. The SI leader for CHM 2045 was
a sophomore hired and trained in the Spring 2006 semester with no previous SI
experience. Both SI leaders participated, along with 15 other SI leaders, in a two-day presemester training, which took place on Thursday, January 5, 2006 and Friday, January 6,
2006 (see Appendix D for the Spring 2006 SI Leader Training Agenda). The researcher,
who was the SI coordinator, delivered the training with the assistance of two SI mentors.
The SI mentors were veteran SI leaders who, in addition to assisting with SI leader
training, also helped with supervision of SI sessions during the semester, providing
feedback to the SI leaders to improve their leadership skills.
In addition to the pre-semester training, the SI leaders attended weekly meetings
with the SI mentors and the SI Coordinator. During these meetings the SI leaders
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received additional training in strategies to run SI sessions and study skills, and were able
to discuss issues presented in their SI sessions. More experienced SI leaders helped
novice SI leaders resolve difficult situations they may have experienced and provided
suggestions to improve their SI sessions.
The SI leaders worked approximately 10 hours per week: three hours attending
class, four hours leading SI sessions, one hour attending weekly meetings, one hour for
preparation or record-keeping, and one hour for supervision. The purpose of the hour for
supervision was to allow time for feedback and discussion after an SI session when the SI
mentor or the coordinator observed an SI leader’s session. SI leaders were paid $8.00 an
hour. They began attending class the first week of the semester. SI sessions started the
second week of the semester.
During the first week of the semester, the researcher went to each class to
introduce the SI leader to the students and to give a brief overview of SI. The overview
included expectations of students about SI sessions and the SI leaders, reasons why
students should attend SI sessions, and statistics from previous semesters showing grade
improvement for those who participate in SI. The SI session schedule was available the
second week of classes. Four 50-minute SI sessions per week were available and students
were encouraged to attend voluntarily as many as they wished. A poster with the SI
session times and locations was displayed at the beginning of class throughout the
semester so students were constantly reminded of when and where they could attend SI
sessions.
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The first administration of the MSLQ occurred the third week of the spring
semester 2006 on January 13 for the CHM 2045 class and on January 16 for the BSC
2010 class. The second administration took place in both classes on April 17, one week
before the end of the semester. The MSLQ was given in lecture classes to the students
who were in attendance that day. Students were handed out a packet containing two
copies of a consent form, a demographics sheet, and the MSLQ (see Appendices A and
B). The following demographic information was obtained: name, Personal Identification
(PID) Number, gender, ethnic background, class level, whether or not the student had
taken the class before, and whether or not the student had taken college-level science
courses before. It took participants approximately 25 minutes to complete the
questionnaire.
Although the data were collected using paper versions of the MSLQ, the student
responses and demographic information were entered in a web-based version of the
MSLQ. The web-based version of the questionnaire made the data entry process easier
and faster, reducing the possibility of errors and allowing the researcher to obtain all the
data for each of the MSLQ administration on Excel spreadsheets. The data were further
separated in two different spreadsheets, one for each of the courses, BSC 2010 and CHM
2045.
Attendance at each SI session was recorded using sign-in sheets. The SI leader for
each course section was responsible for ensuring that students who attended SI sessions
signed the attendance sheet. The SI attendance was transferred to class rosters with
student names and Personal Identification Numbers (PIDs).

51

At the end of the semester, instructors provided final grades in the course sections
of BSC 2010 and CHM 2045. As stated in Chapter 1, the instructors awarded extra credit
points for attending SI sessions. SI participation was the only way to obtain extra credit in
these courses. For each class, two sets of final grades were obtained: one set contained
grades before extra credit points were added and the other contained grades reflecting the
extra credit points. Other data such as high school grade point average (GPA), Scholastic
Achievement Test (SAT) scores, and other demographic information, were obtained from
student records available to the researcher through the university database system.

Data Analysis
The two course sections selected for this analysis, BSC 2010 and CHM 2045,
were different in content and were taught by two different instructors. For this reason, the
data for each course were kept separately and a separate data analysis was conducted for
each course section. All data, including the student responses to the MSLQ, were
analyzed using the Statistical Package for Social Sciences (SPSS), version 11.0.
The data analysis procedures were chosen to address each one of the research
questions. The research questions were:
1. What mean difference, if any, exists in student development of the self-regulated
learning components of motivation, cognition, metacognition, and resource
management from the beginning of the semester to the end of the semester based on
level of student participation in Supplemental Instruction (SI)?
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2. What mean difference, if any, exists in the self-regulated learning components of
motivation, cognition, metacognition, and resource management, as measured at the
end of the semester based on student level of participation in Supplemental
Instruction (SI)?
3. What difference in academic performance, if any, exists between students who
participate in Supplemental Instruction (SI) and those who do not participate in SI?
4. What relationship, if any, exists between Supplemental Instruction (SI) participation
and rate of withdrawal from classes?
5. What relationship, if any, exists between Supplemental Instruction (SI) participation
and student gender and ethnic background?
For the demographic variables, descriptive statistics were used to describe the
samples from each course section. Crosstabulations were used for the categorical
variables of gender, ethnic background, and class level.
The researcher used a quasi-experimental design called Nonequivalent Control
Group Design (Gay & Airasian, 2003). This design was chosen because random
assignment of subjects to the treatment (SI attendance) was not possible due to the
voluntary nature of the program. In the five research questions, the independent variable
was participation in SI sessions. For the samples considered in each course section,
groups were formed based on the number of attendances in SI sessions. The group of
subjects who never attended SI sessions was considered the control group. The other
groups were the treatment groups.
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The first step of the data analysis was to determine the equivalency of the groups
or levels of the independent variable, thus providing evidence there was not self-selection
bias based on prior academic achievement measures. One-way ANOVA analyses were
conducted to determine that the groups were not significantly different in terms of total
SAT scores.
For the first and second research questions, the dependent variables were the four
components of self-regulated learning: motivation, cognition, metacognition, and
resource management. These variables were calculated by taking the mean of the item
responses corresponding to each scale. Repeated Measures ANOVA tests were used for
each one of the four interval dependent variables to determine whether there was a
significant difference in motivation, cognition, metacognition, and resource management
based on frequency of participation in SI sessions. To further explore the differences in
motivation, cognition, metacognition, and resource management based on SI attendance,
a Multivariate Analysis of Variance (MANOVA) was used. This analysis involved one
independent variable (level of SI attendance) and four dependent variables (posttest
means for motivation, cognition, metacognition, and resource management).
For the research question, what mean difference in academic performance, if any,
exists between students who participate in Supplemental Instruction (SI) and those who
do not participate in SI, academic success was measured using students’ final course
grades and letter grade percentages. The researcher used final course grades before extra
credit points were added. The final numeric grades were the percentage out of 100 points
obtained in the course before any extra credit was awarded. Average final percentage
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scores for SI and non-SI participants were compared. Because this was a continuous
measure, a one-way ANOVA analysis was used. The final letter grades were grouped as
follows: the ABC group comprised of those subjects who succeeded in the course by
obtaining grades of A, B, or C; and the DF group made up of students who did not
succeed in the course by obtaining D and F grades. W and I grades were excluded from
this analysis. Percentages of ABC grades and DF grades were compared for the different
levels of SI participation using a Chi Square Test of Proportions. The percentage of ABC
grades indicated success in the course, while the percentage of DF grades was indicative
of failure in the course.
The fourth research question explored whether a relationship existed between SI
participation and rate of withdrawal from classes. For this analysis, the subjects who
withdrew from the courses and had been excluded from the previous analyses, were
included. A Chi Square Test of Proportions was used to determine the relationship
between levels of attendance to SI sessions and rate of withdrawal from classes.
The last research question investigated whether a relationship existed between SI
participation and gender and ethnic background of the participants. Chi Square Tests of
Proportions were used to determine whether any relationships existed.
This study falls within the category of causal-comparative or ex post facto
research because the independent variable, SI attendance, was not manipulated. Student
attendance to SI sessions was voluntary and the researcher had no control over who
participated in these sessions.
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Summary
The research methodology described in this study aimed at investigating the
research questions presented in Chapter 1: the differences in students’ academic
performance and self-regulated learning in two introductory undergraduate science
courses based on SI participation. Chapter 4 provides detailed results from the data
analyses and important findings of the research. Chapter 5 summarizes the findings of the
study, including recommendations, implications for practice, and need for future research

56

CHAPTER 4
FINDINGS
The purpose of this study was to investigate the differences in students’ academic
performance and self-regulated learning based on levels of participation in Supplemental
Instruction (SI) in General Biology (BSC 2010) and Fundamentals of Chemistry I (CHM
2045), two introductory undergraduate science courses at UCF. Academic performance
was measured using students’ final course grades and rates of withdrawal from the
courses. The self-regulated learning constructs of motivation, cognition, metacognition,
and resource management were measured using the Motivated Strategies for Learning
Questionnaire (MSLQ).
A separate analysis was conducted for each of the courses considered in this
study. Descriptive statistics were used to describe the demographic characteristics of the
samples from each course section. The data analysis procedures were chosen to address
each one of the following research questions:
1. What mean difference, if any, exists in student development of the self-regulated
learning components of motivation, cognition, metacognition, and resource
management from the beginning of the semester to the end of the semester based on
level of student participation in Supplemental Instruction (SI)?
2. What mean difference, if any, exists in the self-regulated learning components of
motivation, cognition, metacognition, and resource management, as measured at the
end of the semester based on student level of participation in Supplemental
Instruction (SI)?
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3. What difference in academic performance, if any, exists between students who
participate in Supplemental Instruction (SI) and those who do not participate in SI?
4. What relationship, if any, exists between Supplemental Instruction (SI) participation
and rate of withdrawal from classes?
5. What relationship, if any, exists between Supplemental Instruction (SI) participation
and student gender and ethnic background?
For each research question, the independent variable was the level of student
attendance to SI sessions. Each semester, students at UCF who were enrolled in classes
offering SI had the opportunity to attend 4 SI sessions every week. Many students
attended 3 or 4 SI sessions every semester. Others attended more regularly, making SI
sessions part of their weekly study schedule. Historically, the average student SI
attendance per semester at UCF was between approximately 4 to 7 SI sessions per
semester. In his motivational control study of SI, Gattis (2002) used 1 to 3 SI attendances
as the “low” SI attendance group. Using this criteria, the samples were divided into four
groups according to the number of SI attendance: never attended SI sessions, attended
one to three SI sessions (low SI attendance), attended four to seven SI sessions (moderate
SI attendance), and attended eight or more SI sessions (high SI attendance).
The group of students who never attended SI was considered the control group.
The other groups were considered treatment groups. To determine the equivalency of the
groups or levels of the independent variable in terms of prior academic performance
measures and demographic characteristics, ANOVA analyses were conducted to
determine that the groups were not significantly different in terms of total SAT scores.
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In addition to SI sessions, a tutoring program was available to students in General
Biology (BSC 2010) and Fundamentals of Chemistry I (CHM 2045). Students enrolled in
these undergraduate course sections had the opportunity to attend tutoring sessions on a
voluntary basis, as well as SI sessions. The findings in this chapter resulted from samples
that included students who chose to attend tutoring sessions in addition to SI sessions.
Because there was a concern that participation in tutoring sessions might have affected
the validity of the results in the previous sections, additional analyses excluding tutoring
participants from the samples were performed. The results of these ancillary analyses
were included at the end of the discussions for each research question.
The sections that follow present the statistical results generated by each of the
research questions in each of the courses considered in this study. The first section
presents the data analysis results for each of the research questions in the General
Biology (BSC 2010) course section. The second section includes data analysis results for
each research question in the Fundamentals of Chemistry I (CHM 2045).

Statistical Results for General Biology (BSC 2010)

Research Question One
What mean difference, if any, exists in student development of the self-regulated
learning components of motivation, cognition, metacognition, and resource management
from the beginning of the semester to the end of the semester based on level of student
participation in Supplemental Instruction (SI)?
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Description of the Sample
For this research question, the sample was delimited to 99 students out of the 282
students enrolled in BSC 2010. The subjects in this sample had taken the first and second
administration of the MSLQ, were taking the course for the first time, and completed the
course with a grade of A, B, C, D, or F. The subjects who withdrew from the course were
excluded from the sample.
The delimited sample (n = 99) consisted of 38 male students (38.4%), and 61
females (61.6%). The class level composition of the sample included 61 freshmen
(61.6%), 24 sophomores (24.2%), 8 juniors (8%) 3 seniors (3%), and 2 non-classified
students (2%). One student did not respond (1%) regarding their class level. The ethnic
composition of the sample included 4 Asian-Americans (4%), 8 African-Americans
(8.1%), 12 Hispanics (12.1%), 70 Non-Hispanic Whites (70.7%), and 5 students of other
race or ethnicity (5.1%).
The independent variable for this research question was SI attendance. In this
sample, 78 (78.8%) of the students attended SI sessions at least once. Twenty-one
(21.2%) of the students did not attend SI sessions. The independent variable, SI
attendance, had 4 levels: never attended SI, low attendance (attended SI 1 to 3 times),
moderate attendance (attended SI 4 to 7 times), and high attendance (attended SI 8 or
more times). The distribution of students in each group is presented in Table 2.
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Table 2
Groups According to the Level of SI Attendance in BSC 2010 (n=99)
SI Groups

Frequency

Percent

Valid Percent

Never attended SI

21

21.2

21.2

Low SI attendance

34

34.3

34.3

Moderate SI attendance

14

14.1

14.1

High SI attendance

30

30.3

30.3

Total

99

100.0

100.0

Determining the Equivalency of Groups
A one-way ANOVA was used to determine the equivalency of the groups in
terms of academic preparation based on total SAT scores. Of the 99 subjects considered
in the delimited sample, only 91 had SAT scores. One important assumption of ANOVA
is homogeneity of variances. The Levene's Test for Equality of Variances was not
statistically significant, F (3, 87) = .632, p = .596, indicating the variances were
homogeneous across groups. There was no statistically significant mean difference (at the
0.05 level) in total SAT scores among the four SI attendance groups, F (3, 87) = 1.899,
p=.136, ηp2 = .061. The levels of SI attendance accounted for about 6% of the variance in
mean SAT scores. According to Cohen (1988), this result can be interpreted as a
moderate effect size.
The data for this analysis are presented in Tables 3 and 4.
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Table 3
Mean Total SAT Scores Based on SI Participation in BSC 2010 (n=91)
SI Groups

Mean

SD

n

Never attended SI

1185.79

138.94

19

Low SI attendance

1143.44

118.04

32

Moderate SI attendance

1078.46

115.75

13

High SI attendance

1134.81

129.63

27

Total

1140.44

127.68

91

Table 4
Analysis of Variance for Total SAT Scores Based on SI Participation in BSC 2010
(n=91)
MS

F

p

ηp2

3

30051.360

1.899

.136

.061

1377028.338

87

15827.912

119822000.000

91

Source

SS

Between Groups

90154.080

Error
Total

df

The results of the one-way ANOVA test suggested the SI attendance groups were
not significantly different in terms of academic preparation and the groups that attended
SI sessions were not necessarily better prepared than those who did not participate in SI.
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Analysis of Self-Regulated Learning Measures
The dependent variables were the pre and posttest scores of the four components
of self-regulated learning measured by the MSLQ: motivation, cognition, metacognition,
and resource management. These variables were calculated by taking the mean of the
item responses corresponding to each scale. The students responded to each item using a
seven-point Lickert scale from 1 (not at all true of me) to 7 (very true of me). Items that
did not have a selected response were coded as missing data and excluded from the
analysis.
Repeated Measures ANOVA tests with one between factor or “split plot” were
used for each one of the four interval dependent variables to determine whether there was
a difference in motivation, cognition, metacognition, and resource management pretest
and posttest mean scores based on the number of attendances to SI sessions. This test was
chosen because each subject was measured twice, there was more than one independent
group, and the dependent variables were continuous. The Repeated Measures ANOVA
analyses for each dependent variable are presented in the next sections.

Motivation
The Repeated Measures ANOVA test included one within-subjects factor
(motivation pre and posttest measures) and one between-subjects factor (four levels of SI
participation). The dependent variable was the mean motivation score.
The assumption of homogeneity of covariance matrices was met, Box’s M =
16.469, F(9, 26723.566) = 1.749, p = .072. Therefore, the covariance matrices were equal
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across all levels of the between-subjects (SI attendance) levels. In this study, the withinsubjects factor (motivation) had only two levels; therefore, the assumption of sphericity
was not applicable and thus not tested. The Repeated Measures ANOVA test yielded
identical results for the univariate and multivariate tests. Therefore, the univariate results
were reported.
There was a statistically significant difference in motivation pretest (M = 5.27; SD
= .68) and posttest (M = 5.05; SD =.73) scores, F(1, 95) = 15.747, p = .000, ηp2 = .142.
Overall, the mean motivation scores decreased from pretest to posttest. The partial eta
squared value of .142 indicated that the time between pretest and posttest accounted for
less than 14% of the variability in student motivation. According to Cohen (1988), this
result can be interpreted as a large effect size.
There was no statistically significant difference in motivation among the different
SI attendance groups, F(3, 95) = 1.756, p = .161, ηp2 = .053. SI attendance accounted for
about 5% of the variance in student motivation from pretest and posttest. This represented
a small effect size (Cohen). The interaction effect between SI attendance and differences
in motivation from pretest to posttest was not statistically significant, F(3, 95) = 1.185;
p= .320, ηp2 = .036. The interaction effect, which accounted for about 3% of the variation
in student motivation, represented a small effect size.
Overall, students’ mean motivation scores decreased between pre and posttest
administrations of the MSLQ regardless of whether or not they attended SI sessions.
Changes in motivation did not differ significantly among SI attendance groups. The data
for this analysis are presented in Tables 5 and 6.
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Table 5
Mean Motivation Scores based on SI Participation in BSC 2010 (n=99)

Motivation Pretest

Motivation Posttest

SI Groups

Mean

SD

n

Never attended SI

5.1398

.55180

21

Low SI attendance

5.2416

.5654

34

Moderate SI attendance

5.6137

.8551

14

High SI attendance

5.2428

.77652

30

Total

5.2730

.68281

99

Never attended SI

4.9371

.69083

21

Low SI attendance

4.9043

.6109

34

Moderate SI attendance

5.3884

.9398

14

High SI attendance

5.1453

.73802

30

Total

5.0527

.72846

99

Table 6
Repeated Measures ANOVA for Mean Motivation Scores in BSC 2010 (n=99)
F

p

ηp2

2.047

15.747*

.000

.142

3

.154

1.185

.320

.036

4.460

3

1.487

1.756

.161

.053

12.352

95

.130

Source

SS

df

MS

Motivation

2.047

1

.462

Motivation × SI Groups
SI Groups
Error

Note: *p<.01, the × symbol denotes the interaction effect
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Cognition
The Repeated Measures ANOVA test included one within-subjects factor
(cognition pre and posttest measures) and one between-subjects factor (four levels of SI
participation). The dependent variable was the mean cognition score.
The assumption of homogeneity of covariance matrices was met, Box’s M =
11.982, F (9, 26723.566) = 1.273, p = .246. Therefore, the covariance matrices were
equal across all levels of the between-subjects (SI attendance) levels. In this study, the
within-subjects factor (motivation) had only two levels; therefore, the assumption of
sphericity was not applicable and thus not tested. The Repeated Measures ANOVA test
yielded identical results for the univariate and multivariate tests. Therefore, the univariate
results were reported.
The Repeated Measures ANOVA analysis revealed no statistically significant
difference in cognition pretest (M = 4.53; SD = .919) and posttest (M = 4.65; SD = .914)
scores, F(1, 95) = 3.031, p =.085, ηp2 = .031. The posttest cognition scores were higher
than the pretest cognition scores. The time between pre and posttest accounted for about
3% of the variability in student motivation. This value for the partial eta square represents
a small effect size. There was no statistically significant difference in cognition among
the different SI attendance groups, F(3, 95) = 2.563, p = .059, ηp2 = .075. The partial eta
square value indicated a small effect size, where SI attendance accounted for about 8% of
the variance in student cognitive strategies from pre and posttest. The interaction effect
between SI attendance and differences in cognition from pretest to posttest was not
statistically significant, F(3, 95) =1.307; p = .277, ηp2 = .040. The interaction effect,
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which accounted for 4% of the variation in student cognition, represented a small effect
size.
In conclusion, though differences were not statistically significant, students’ use
of cognitive strategies increased between pre and posttest administrations of the MSLQ.
Within SI attendance groups, gains in cognitive skills were observed for individuals with
moderate and high participation in SI sessions. However, these differences were also not
statistically significant. These results are reported in Tables 7 and 8.

Table 7
Mean Cognition Scores based on SI Participation in BSC 2010 (n=99)

Cognition Pretest

Cognition Posttest

SI Groups

Mean

SD

n

Never attended SI

4.3230

.7826

21

Low SI attendance

4.4323

.8410

34

Moderate SI attendance

4.8120

1.2095

14

High SI attendance

4.6614

.9339

30

Total

4.532

.9190

99

Never attended SI

4.2923

.8566

21

Low SI attendance

4.4515

.8201

34

Moderate SI attendance

5.0397

1.1255

14

High SI attendance

4.9412

.8280

30

Total

4.6493

.9143

99
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Table 8
Repeated Measures ANOVA for Mean Cognition Scores in BSC 2010 (n=99)
Source

SS

df

MS

F

p

ηp2

Cognition

.677

1

.677

3.031

.085

.031

Cognition × SI Groups

.875

3

.292

1.307

.277

.040

SI Groups

10.677

3

3.559

2.563

.059

.075

Error

21.204

95

.223

Note: the × symbol denotes the interaction effect

Metacognition
The Repeated Measures ANOVA test included one within-subjects factor
(metacognition pre and posttest measures) and one between-subjects factor (four levels of
SI participation). The dependent variable was the mean metacognition score.
The assumption of homogeneity of covariance matrices was met, Box’s M =
15.556, F(9, 26723.566) = 1.652, p = .095. Therefore, the covariance matrices were equal
across all levels of the between-subjects (SI attendance) levels. In this study, the withinsubjects factor (motivation) had only two levels; therefore, the assumption of sphericity
was not applicable and thus not tested. The Repeated Measures ANOVA test yielded
identical results for the univariate and multivariate tests. Therefore, the univariate results
were reported.
The Repeated Measures ANOVA analysis for the metacognition component of
the MSLQ revealed no statistically significant difference in the metacognition pretest (M
= 4.60; SD = .897) and posttest (M = 4.73; SD = .837) scores, F(1, 95) = 1.720, p = 0.193,
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ηp2 = .018. The posttest metacognition scores were higher than the pretest scores. The
partial eta squared value represented a small effect size and indicated the time between
pre and posttest accounted for about 2% of the variability in student metacognition.
There was no statistically significant difference in metacognition among the
different SI attendance groups, F(3, 95) = 2.164, p = .097, ηp2 = .064. SI attendance
accounted for about 6% of the variance in students’ use of metacognitive strategies from
pre and posttest scores. This represents a moderate effect size. The interaction effect
between SI attendance and differences in metacognition from pretest to posttest was not
statistically significant, F(3,95) = .998, p = .397, ηp2 = .031. The partial eta squared value
represented a small effect size and indicated the interaction effect accounted for about 2%
of the variability in student metacognition.
In conclusion, students’ use of metacognitive strategies increased between pre and
posttest administrations of the MSLQ regardless of whether or not they attended SI
sessions. These differences were not statistically significant. Although changes in
metacognitive strategies did not differ significantly among SI attendance groups, the
results revealed higher mean metacognition scores for the groups with higher SI
participation.
The results of this analysis are reported in Tables 9 and 10.
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Table 9
Mean Metacognition Scores based on SI Participation in BSC 2010 (n=99)

Metacognition Pretest

Metacognition Posttest

SI Groups

Mean

SD

n

Never attended SI

4.2976

.6344

21

Low SI attendance

4.5484

.8569

34

Moderate SI attendance

4.9583

1.3959

14

High SI attendance

4.6944

.7686

30

Total

4.5974

.8968

99

Never attended SI

4.3849

.8133

21

Low SI attendance

4.6723

.8473

34

Moderate SI attendance

4.8571

.9436

14

High SI attendance

4.9708

.7344

30

Total

4.7280

.8374

99

Table 10
Repeated Measures ANOVA for Mean Metacognition Scores in BSC 2010 (n=99)
F

p

ηp2

.411

1.720

.193

.018

3

.238

.998

.397

.031

7.940

3

2.647

2.164

.097

.064

22.692

95

.239

Source

SS

Metacognition

.411

1

Metacognition × SI Groups

.715

SI Groups

Error

df

Note: the × symbol denotes the interaction effect
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MS

Resource Management
The Repeated Measures ANOVA test included one within-subjects factor
(resource management pre and posttest measures) and one between-subjects factor (four
levels of SI participation). The dependent variable was the mean resource management
score.
The assumption of homogeneity of covariance matrices was met, Box’s M =
14.292, F(9, 26723.566) = 1.518, p = .135, indicating the covariance matrices were equal
across all levels of the between-subjects (SI attendance) levels. In this study, the withinsubjects factor (motivation) had only two levels; therefore, the assumption of sphericity
was not applicable and thus not tested. The Repeated Measures ANOVA test yielded
identical results for the univariate and multivariate tests. Therefore, the univariate results
were reported.
The Repeated Measures ANOVA analysis for the resource management measure
of self-regulation revealed no statistically significant difference in resource management
pretest (M = 4.59; SD = .8113) and posttest (M = 4.49; SD =.8587) scores, F(1, 95) =
3.186, p = .077, ηp2 = .032. The posttest resource management scores were lower than the
pretest resource management scores. The partial eta squared value indicated a small
effect size with the time between pre and posttest accounting for about 3% of the
variability in student motivation.
The mean resource management scores among the different SI attendance groups
were statistically significant at the .05 level, F(3, 95) = 3.772, p =.013, ηp2 = .106. The
partial eta squared value yielded a moderate effect size. SI attendance accounted for
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about 11% of the variance in students’ use of resources from pre and posttest. The
interaction effect between SI attendance and differences in resource management from
pretest to posttest was not statistically significant, F(3,95) = 1.001, p=.396, ηp2 = .031.
The partial eta squared value represented a small effect size and indicated the interaction
effect accounted for about 3% of the variability in student resource management. These
results are presented in Tables 11 and 12.
Students’ management of learning resources decreased between pre and posttest
administrations of the MSLQ regardless of whether or not they attended SI sessions.
However, changes in resource management strategies differed significantly between SI
attendance groups. Pairwise comparisons revealed statistically significant differences in
mean scores (p<.05) among students who never attended SI (M = 4.233, SE =.155) and
students who attended eight or more SI sessions (M = 4.776, SE =.13). In addition, there
were statistically significant differences in mean scores (p<.05) among students with low
SI attendance (M = 4.385, SE = .122), moderate SI attendance (M = 4.842, SE = .190),
and high SI attendance (M = 4.776, SE =.13). The use of learning resources seemed to
increase significantly with higher number of SI sessions attended.
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Table 11
Mean Resource Management Scores based on SI Participation in BSC 2010 (n=99)
SI Groups

Mean

SD

n

Resource Management

Never attended SI

4.3333

.5596

21

Pretest

Low SI attendance

4.3911

.7973

34

Moderate SI attendance

5.0263

1.0778

14

High SI attendance

4.7777

.7362

30

Total

4.5858

.8113

99

Resource Management.

Never attended SI

4.1328

.8369

21

Posttest

Low SI attendance

4.3790

.8234

34

Moderate SI attendance

4.6579

.9120

14

High SI attendance

4.7748

.8126

30

Total

4.4862

.8587

99

Table 12
Repeated Measures ANOVA for Mean Resource Management Scores in BSC 2010
(n=99)
Source

SS

df

MS

F

p

ηp2

Resource Mgt.

938

1

.938

3.186

.077

.032

Resource Mgt. × SI Groups

.883

3

.294

1.001

.396

.031

SI Groups

11.489

3

3.830

3.772*

.013

.106

Error

27.952

95

.294

Note: *p<.05, the × symbol denotes the interaction effect
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Ancillary Analyses
The analyses to determine the differences in student development of the selfregulated learning components of motivation, cognition, metacognition, and resource
management from the beginning of the semester to the end of the semester based on level
of student participation in SI were repeated with a delimited sample that excluded
students who participated in tutoring sessions. In this case, the sample was delimited to
53 (out of 282) subjects in the biology class who took both pre and posttest and were
taking the course for the first time, excluding those who withdrew from the course. The
results for these additional analyses were very similar to the ones described previously.
The four SI attendance groups were equivalent in terms of incoming SAT scores.
One-way ANOVA results indicated there was no statistically significant mean difference
(at the 0.05 level) in total SAT scores among the four SI attendance groups, F (3, 49) =
3.20, p = .811.
The repeated measures ANOVA tests for motivation, cognition, metacognition,
and resource management pretest and posttest scores yielded the following results:

Motivation
There was a statistically significant difference in motivation pretest (M = 5.1762;
SD = .65) and posttest (M = 4.95; SD =.65) scores, F(3, 53) = 5.845, p = .02. Posttest
scores were significantly lower that the pretest scores. There was no statistically
significant difference in motivation among the different SI attendance groups, F(3, 53) =
.891, p = .452. The interaction effect between SI attendance and differences in motivation
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from pretest to posttest was nor statistically significant, F(3, 53) = 1.837; p = .152. These
results were consistent with the previous analyses including tutoring participants.

Cognition
The difference in cognition pretest (M = 4.44; SD = .88) and posttest (M = 4.50;
SD = .910) scores was not statistically significant, F(3, 53) = 1.214, p =.275. There was
no statistically significant difference in cognition among the different SI attendance
groups, F(3, 53) = 1.466, p = .234. The interaction effect between SI attendance and
differences in cognition from pretest to posttest was not statistically significant, F(3, 53)
=.448; p = .720. These results were consistent with the previous analyses including
tutoring participants.

Metacognition
There was no statistically significant difference in metacognition pretest (M =
4.57; SD = .89) and posttest (M = 4.65; SD = .834) scores, F(3, 53) = .000, p = 0.992. The
difference in metacognition among the different SI attendance groups was not statistically
significant, F(3, 53) = 2.216, p = .097. The interaction effect between SI attendance and
differences in metacognition from pretest to posttest was not statistically significant, F(3,
53) = 1.361, p = .265. These results were consistent with the previous analyses including
tutoring participants.
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Resource Management
The difference in resource management pretest (M = 4.49; SD = .83) and posttest
(M = 4.32; SD =.85) scores was not statistically significant, F(3, 53) = 3.696, p = .060.
There was a statistically significant difference in resource management scores among the
different SI attendance groups, F(3, 53) = 3.174, p = .032. The interaction effect between
SI attendance and differences in metacognition from pretest to posttest was not
statistically significant, F(3, 53) = 0.244, p =.865. These results were consistent with the
previous analyses including tutoring participants.
In summary, the results of the ancillary analyses excluding students who
participated in tutoring sessions were consistent with the results presented in the previous
analyses. Excluding tutoring participants did not change the results of the Repeated
Measures ANOVA tests. Therefore, for this research question, student attendance in
tutoring sessions did not seem to make a difference in the results.

Research Question Two
What mean difference, if any, exists in the self-regulated learning components of
motivation, cognition, metacognition, and resource management, as measured at the end
of the semester based on student level of participation in Supplemental Instruction (SI)?

Description of the Sample
For this research question, the sample of 282 students enrolled in BSC 2010 was
delimited to 112 students. The subjects in this delimited sample had taken the second
administration of the MSLQ or posttest, were taking the biology course for the first time,
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and completed the course. The subjects who withdrew from the course were excluded
from this sample.
The delimited sample (n = 112) consisted of 42 male students (37.5%), and 70
females (62.5%). The class level composition of the sample included 65 freshmen
(58.0%), 26 sophomores (23.2%), 11 juniors (9.8%), 5 seniors (4.5%), and 2 nonclassified students (1.8%). Three students did not identify their class level (2.7%).
The ethnic composition of this sample included 5 Asian-Americans (4.5%), 13
African-Americans (11.6%), 12 Hispanics (10.7%), 75 Non-Hispanic Whites (67.0%),
and 7 students of other race or ethnicity (6.3%).
The independent variable for this research question was SI attendance. In this
sample, 86 (76.8%) of the students attended SI sessions at least once. Twenty-six (23.2%)
of the students did not attend SI sessions. The independent variable, SI attendance, had 4
levels: never attended SI sessions, low attendance (attended 1 to 3 SI sessions), moderate
attendance (attended 4 to 7 SI sessions), and high attendance (attended 8 or more SI
sessions). The distribution of students in each group is presented in Table 13.
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Table 13
Groups According to the Level of SI Attendance in BSC 2010 (n=112)
SI Groups

Frequency

Percent

Valid Percent

Never attended SI

26

23.2

23.2

Low SI attendance

33

29.5

29.5

Moderate SI attendance

14

12.5

12.5

High SI attendance

39

34.8

34.8

112

100.0

100.0

Total

Determining the Equivalency of Groups
A one-way ANOVA was used to determine the equivalency of the four SI groups
in terms of academic preparation based on total SAT scores. Of the 112 students in the
sample, only 102 had total SAT scores. The Levene’s Test of Equality of Variance was
not statistically significant, F (3, 98) = .820, p = .486, indicating the variances were
homogeneous across groups. There was no statistically significant mean difference (at the
0.05 level) in total SAT scores among the four SI attendance groups, F(3, 98) = 1.285, p
= .284, ηp2 = .038. The levels of SI attendance accounted for about 4% of the variance in
mean SAT scores. This result can be interpreted as a moderate effect size (Cohen, 1988).
The data for this analysis are presented in Tables 14 and 15.
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Table 14
Mean Total SAT Scores Based on SI Attendance in BSC 2010 (n=102)
SI Groups

Mean

SD

n

Never attended SI

1176.00

154.03

25

Low SI attendance

1150.32

112.97

31

Moderate SI attendance

1095.38

123.87

13

High SI attendance

1127.58

130.48

33

Total

1142.25

131.53

102

Table 15
Analysis of Variance for Total SAT Scores Based on SI Participation in BSC 2010
(n=102)
Source
Between Groups

SS

df

66155.461

3

Error

1681225.912

98

Total

134831500.000

102

MS

F

22051.820 1.285

p

ηp2

.284

.038

17155.366

The results of the one-way ANOVA analysis indicate that the SI groups were not
significantly different in terms of academic preparation. This suggests that students who
attended SI sessions were not necessarily better prepared than those who did not
participate in SI.

79

Analysis of Self-Regulated Learning Measures
The dependent variables were the posttest scores of the four components of selfregulated learning measured by the MSLQ: motivation, cognition, metacognition, and
resource management. These variables were calculated by taking the mean of the item
responses corresponding to each scale. The students responded to each item using a
seven-point Lickert scale from 1 (not at all true of me) to 7 (very true of me). Items that
did not have a selected response were coded as missing data and excluded from the
analysis.
A Multiple ANOVA (MANOVA) test was used to determine whether there was a
difference in motivation, cognition, metacognition, and resource management mean
posttest scores based on the number of attendances to SI sessions. This test was chosen
because the independent variable had four levels and there were four interval dependent
variables. The assumption of homogeneity of covariance was tested using Box’s M Test.
This assumption was met, Box’s M = 32.849, F(30, 11155.631) = 1.006, p = .457, and the
covariance matrices were equal across all levels of the between-subjects (SI attendance)
levels.
The MANOVA analysis revealed no statistically significant mean difference (at
the 0.05 level) in mean posttest motivation scores, F(3, 108) = .601, p = .616, ηp2 = .016;
mean posttest cognition scores, F(3, 108) = .604, p = .614, ηp2 = .016; mean posttest
metacognition scores, F(3, 108) = .274, p = .844, ηp2 = .008; and mean posttest resource
management scores, F(3, 108) = .138, p = .937, ηp2 = .004 among the four SI attendance
groups. These results indicate that the SI attendance groups were not very different in
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terms of motivation, use of cognitive strategies, metacognition, and resource
management, as revealed by the MSLQ. The partial eta squared values for motivation,
cognition, metacognition, and resource management scores represented a small effect
size. The data from these results are presented in Tables 16 and 17.
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Table 16
Mean Posttest Scores Based on SI Attendance in BSC 2010 (n=112)

Motivation

Cognition

Metacognition

Resource Mgt

SI Groups

Mean

SD

Never attended SI

5.3043

1.0886

26

Low SI attendance

4.9727

.9644

33

Moderate SI attendance

5.2261

.9098

14

High SI attendance

5.1688

.9574

39

Total

5.1496

.9806

112

Never attended SI

4.6076

.9318

26

Low SI attendance

4.5564

.8695

33

Moderate SI attendance

4.4477

.6529

14

High SI attendance

4.7843

1.0639

39

Total

4.6341

.9301

112

Never attended SI

4.5994

.7288

26

Low SI attendance

4.5000

.7823

33

Moderate SI attendance

4.4887

.8780

14

High SI attendance

4.6575

.9178

39

Total

4.5765

.8245

112

Never attended SI

4.3077

.6056

26

Low SI attendance

4.3240

.8117

33

Moderate SI attendance

4.2548

.5468

14

High SI attendance

4.3832

.7066

39

Total

4.3322

.6930

112
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n

Table 17
Multiple ANOVA for Mean Posttest Scores in BSC 2010 (n=102)
Source
Motivation

Between
Error

Cognition

Between
Error

Metacognition

Between
Error

Resource Mgt.

Between
Error

SS

df

MS

F

p

ηp2

.601

.616

.016

.604

.614

.016

.274

.844

.008

.138

.937

.004

1.751

3

.584

104.974

108

.972

.584

3

.528

94.451

108

.875

.571

3

.190

74.889

108

.693

.203

3

.068

53.112

108

.492

Ancillary Analyses
The analyses for mean posttest difference in motivation, cognition, metacognition,
and resource management based on SI participation were repeated with a delimited
sample that excluded students who participated in tutoring sessions. Removing tutoring
participants, the delimited sample was reduced to 59 (out of 282) subjects in the biology
class who took the posttest and were taking the course for the first time, excluding those
who withdrew from the course. The results for these additional analyses were very
similar to the ones described previously.
The four SI attendance groups were equivalent in terms of incoming SAT scores.
One-way ANOVA results indicated there was no statistically significant mean difference
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(at the 0.05 level) in total SAT scores among the four SI attendance groups, F (3, 49) =
.377, p = .770.
The MANOVA test revealed no statistically significant differences in mean
posttest motivation scores, F(3, 55) = 1.349, p = .268; mean posttest cognition scores,
F(3, 55) = .430, p = .372; mean posttest metacognition scores, F(3, 55) = 1.577, p = .205;
and mean posttest resource management scores, F(3, 55) = .424, p = .736) among the
four SI attendance groups. These results are consistent with the previous analysis that
included tutoring participants.
In conclusion, the results of the ancillary analyses excluding students who
participated in tutoring sessions were consistent with the results presented in the previous
analyses. Excluding tutoring participants did not change the results of the MANOVA test.
For the second research question, student attendance in tutoring sessions did not seem to
make a difference in the results.

Research Question Three
What difference in academic performance, if any, exists between students who
participate in Supplemental Instruction (SI) and those who do not participate in SI? Two
measures of academic performance were used: final percent scores (out of 100) and final
letter grades in BSC 2010.

Description of the Sample
For this research question, the sample was delimited to 255 students who
completed the BSC 2010 course with a grade of A, B, C, D, or F. The subjects who
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withdrew from the course or received an incomplete grade (I) were excluded from the
sample.
The delimited sample (n = 255) consisted of 107 male students (42%), and 148
females (58%). The ethnic composition of this sample included 27 Asian-Americans
(10.6%), 28 African-Americans (11%), 42 Hispanics (16.5%), 152 Non-Hispanic Whites
(59.6%), and 6 students of other race or ethnicity (2.4%).
The independent variable, SI attendance, had 4 levels: never attended SI sessions,
low attendance (attended 1 to 3 SI sessions), moderate attendance (attended 4 to 7 SI
sessions), and high attendance (attended 8 or more SI sessions). The distribution of
students in each group is presented in Table 18.

Table 18
SI Groups According to the Level of SI Attendance in BSC 2010 (n=255)
SI Group

Frequency

Percent

Valid Percent

Never attended SI

87

34.1

34.1

Low SI attendance

73

28.6

28.6

Moderate SI attendance

30

11.8

11.8

High SI attendance

65

25.5

25.5

255

100.0

100.0

Total

Determining the Equivalency of Groups
A one-way ANOVA was used to determine the equivalency of the four SI groups
in terms of academic preparation based on total SAT scores. Of the 255 students in the
sample, only 233 had total SAT scores. The Levene's Test for Equality of Variances was
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not statistically significant, F (3, 229) = .154, p = .927, indicating the variances were
homogeneous across groups. The difference in mean total SAT scores between the four
SI attendance groups was not statistically significant at the .05 level, F(3, 229) = 2.615, p
= .052, ηp2 = .033. This suggests that higher academic performance of students who
attended SI sessions cannot be attributed to better academic preparation. The partial eta
squared value represented a small effect size, where SI attendance accounted for 3% of
the variability in SAT scores. The data for this analysis are presented in Tables 19 and 20.

Table 19
Mean Total SAT Scores Based on SI Attendance in BSC 2010 (n=233)
SI Groups

Mean

SD

Never attended SI

1151.65

127.78

85

Low SI attendance

1123.57

121.80

70

Moderate SI attendance

1116.25

132.89

24

High SI attendance

1090.74

127.94

54

Total

1125.45

127.89

233

n

Table 20
Analysis of Variance for Total SAT Scores Based on SI Participation BSC 2010 (n=233)
Source
Between Groups

SS

df

MS

F

p

ηp2

2.615

.052

.033

125668.257

3

41889.419

Error

3668909.425

229

16021.439

Total

298921500.000

233

86

Final Grade Analyses
The dependent variable was academic performance in the biology course. Two
measures of academic performance were used: final numeric grades and final letter
grades in BSC 2010. The final numeric grades were the percentage out of 100 points
obtained in the course before any extra credit was awarded. Because this was a
continuous measure, a one-way ANOVA analysis was used. The final letter grades were
grouped as follows: the ABC group was comprised of those subjects who succeeded in
the course by obtaining grades of A, B, or C; and the DF group included students who did
not succeed in the course by obtaining D and F grades. Because this measure of the
variable is nominal, a Chi Square Test of Independence was used to analyze the data.

One-Way ANOVA Analysis for Numeric Grades
A one-way ANOVA was used to determine the difference in final numeric grade
(in percentage points) in BSC 2010 among the SI attendance groups. The Levene's Test
for Equality of Variances was statistically significant, F (3, 251) = 4.373, p = .00,
violating the ANOVA assumption of homogeneity of variances. Therefore, there was
concern about the validity of the results. According to Lomax (2001), “a violation of the
assumption of homogeneity of variance or homoscedasticity may lead to bias in the sum
of squares within groups term” (Lomax, p. 286), as well as increases in the Type I and
Type II error rates.
There was a statistically significant mean difference (at the 0.01 level) in mean
numeric score among the four SI attendance groups, F(3, 251) = 5.761, p = .001, ηp2 =
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.064. The partial eta squared value indicated SI attendance accounted for 6% of the
variability in mean final numeric scores, a moderate effect size. The mean final score
tended to be higher as level of attendance to SI sessions increased.
Because the assumption of homogeneity of variances was violated, a post hoc test
that does not assume homogeneity of variances was used. A Games-Howell post hoc test
revealed a significant mean difference (p<.05) in final scores between the group of
students who never attended SI (M = 67.8, SD = 19.83) and the students in the high SI
attendance group (M = 78.5, SD = 10.39).
The data for this analysis are presented in Table 21 and 22.

Table 21
Mean Final Scores in BSC 2010 Based on SI Attendance (n=255)
SI Groups

Mean

SD

n

Never attended SI

67.6782

19.8269

87

Low SI attendance

73.2754

13.8207

73

Moderate SI attendance

71.8544

18.4823

30

High SI attendance

78.5173

10.3887

65

Total

72.5348

16.4587

255
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Table 22
Analysis of Variance for Mean Final Scores in BSC 2010 (n=255)
Source
Between Groups
Error
Total
Note: *p < .01

df

MS

F

p

ηp2

4432.375

3

1477.458

5.761*

.001

.064

64373.378

251

256.468

1410435.090

255

SS

Chi Square Test of Independence Analysis
A Chi Square Test of Independence was used to determine difference in final
letter grade among the SI attendance groups. The grade groups were ABC and DF. There
was a statistically significant difference in letter grade group between the four SI
attendance groups (χ2 3,255 = 8.780; p = .032). Although the omnibus test was statistically
significant, the “rule of thumb” value of a standardized residual (SR) of 2 (in absolute
value) did not reveal that any particular cell contributed significantly to this result.
However, an examination of pairwise comparisons among the SI attendance groups
indicated that students in the high SI participation group were less likely to receive grades
of D or F than those who never attended SI sessions (14 students compared with 38
students; χ2 1,152 = 8.102; p = .004).The data for these results are presented in Table 23.
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Table 23
Chi Square Test of Independence for Grade Groups and SI Attendance in BSC 2010
(n=255)
Grade Group

SI Group
Never attended SI

Low SI Attendance

Moderate SI Attendance

High SI Attendance

Total

Total

ABC

DF

49

38

87

% of Total

19.2%

14.9%

34.1%

St. Residual

-1.3

1.8

Count

51

22

73

% of Total

20.0%

8.6%

28.6%

St. Residual

.3

-.4

Count

21

9

30

% of Total

8.2%

3.5%

11.8%

St. Residual

.2

-.2

Count

51

14

65

% of Total

20.0%

5.5%

25.5%

St. Residual

1.1

-1.6

Count

172

83

255

67.5%

32.5%

100.0%

Count

% of Total

From these results, it can be concluded that students who attended SI sessions
more frequently had higher percentage of ABC grades and lower percentage of DF
grades than those who either attended fewer SI sessions or did not attend at all. Regular
attendance to SI sessions seems to be associated with higher percentages of ABC grades
and lower percentages of DF grades. Over 50% of SI participants received an A, B, or C
grade in BSC 2010, while less than one-third had grades of D and F.
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Ancillary Analyses
The analyses for the differences in final numeric scores and letter grades in the
biology course based on SI attendance level were repeated with a delimited sample that
excluded students who participated in tutoring sessions. The delimited sample in this case
was reduced to 169 (out of 282) subjects who completed the biology course with a grade
of A, B, C, D or F. Students who withdrew from the course or received an incomplete
grade were excluded from the delimited sample.
The four SI attendance groups in this sample were equivalent in terms of
incoming SAT scores. One-way ANOVA results indicated there was no statistically
significant mean difference (at the 0.05 level) in total SAT scores among the four SI
attendance groups, F (3, 155) = 1.760, p = .157.
In terms of final percent grades in the biology course, the one-way ANOVA test
revealed a statistically significant difference in mean numeric scores between the SI
attendance groups, F(3, 165) = 3.646, p = .014. A Games-Howell post hoc test was used
because the assumption of homogeneity of variance was violated. The post hoc test
revealed a significant mean difference (p<.05) in final scores between the group of
students who never attended SI (M = 66.9, SD = 20.79) and students in the high SI
attendance group (M = 77.4, SD = 10.60). These results were consistent with the results
obtained in the previous analysis that included tutoring participants.
In terms of final letter grades, the Chi Square Test of Independence used three SI
attendance categories: never attended SI sessions, low attendance (attended 1 to 3 SI
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sessions), and high attendance (attended 4 or more SI sessions). The moderate and high
SI attendance groups were collapsed into one group to ensure all cells had expected
frequency less that 5, an important assumption of the Chi Square Test of Independence.
In contrast with the results of the previous analysis that included students who
participated in tutoring, the differences in letter grade group (ABC vs. DF) among the SI
attendance groups were not statistically significant (χ2 2,169 = 2.613; p = .271).
In conclusion, the results of the ancillary analyses of final percentage scores
excluding students who participated in tutoring sessions were consistent with the
previous results. The Chi Square Test of Independence for letter grade groups was
statistically significant for the sample that included tutoring participant and not
statistically significant when tutoring participants were removed from the analysis.
Student attendance in tutoring sessions seemed to make a difference in terms of final
letter grades, but not in terms of final percentage scores in the biology class.

Research Question Four
What relationship, if any, exists between Supplemental Instruction (SI)
participation and rate of withdrawal from classes?

Description of the Sample
For this research question, the sample of 282 students enrolled in BSC 2010 was
delimited to 280 students. These were students who completed the biology course with a
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grade of A, B, C, D, or F, including those who withdrew from the course. Two students
who received an incomplete grade (I) in the course were excluded from the sample.
The sample (n = 280) consisted of 124 male students (44.3%), and 156 females
(55.7%). The ethnic composition of this sample included 27 Asian-Americans (9.6%), 30
African-Americans (10.7%), 47 Hispanics (16.8%), 168 Non-Hispanic Whites (60.0%),
and 8 students of unknown race or ethnicity (2.9%).
The independent variable for this research question was SI attendance. In this
sample, 177 (63.2%) of the students attended SI sessions at least once, while 103 (36.8%)
of the students never attended SI sessions. The independent variable, SI attendance, had 4
categories: never attended SI sessions, low attendance (attended 1 to 3 SI sessions),
moderate attendance (attended 4 to 7 SI sessions), and high attendance (attended 8 or
more SI sessions). The distribution of students in each group is presented in Table 24.

Table 24
SI Groups According to the Level of SI Attendance in BSC 2010 (n=280)
SI Group

Frequency

Percent

Valid Percent

Never attended SI

103

36.8

36.8

Low SI attendance

81

28.9

28.9

Moderate SI attendance

30

10.7

10.7

High SI attendance

66

23.6

23.6

280

100.0

100.0

Total
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Determining the Equivalency of Groups
A one-way ANOVA was used to determine the equivalency of the four SI groups
in terms of academic preparation based on total SAT scores. Of the 280 students in the
sample, only 256 had total SAT scores. The Levene's Test for Equality of Variances was
not statistically significant, F (3, 252) = .113, p = .952, indicating the variances were
homogeneous across groups. There was no statistically significant mean difference (at the
0.05 level) in total SAT scores among the four SI attendance groups, F(3, 252) = 2.161, p
= .093, ηp2 = .025. SI attendance accounted for about 3% of the variation in mean SAT
scores, a small effect size. This suggests that the groups were not significantly different in
terms of academic preparation and the groups that attended SI sessions were not
necessarily better prepared than those who did not participate in SI. The data for this
analysis are presented in Tables 25 and 26.

Table 25
Mean Total SAT Scores Based on SI Attendance in BSC 2010 (n=256)
SI Groups

Mean

SD

n

Never attended SI

1146.57

133.14

99

Low SI attendance

1121.54

125.20

78

Moderate SI attendance

1116.25

132.89

24

High SI attendance

1092.00

127.10

55

Total

1124.38

130.33

256
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Table 26
Analysis of Variance for Total SAT Scores Based on SI Participation in BSC 2010
(n=256)
Source
Between Groups

SS

df

MS

108609.792

3

36203.264

Error

4214539.692

252

16724.364

Total

327971400.000

256

F

ηp2

p

2.161 .093

.025

Analysis of Course Withdrawal Rates
The dependent variable was withdrawal rate in the biology course. The final letter
grades were grouped as follows: the “Did not withdraw” group comprised of those
subjects who completed the biology course with a grade of A, B, C, D or F; and the
“Withdrew from course” group made up of students who did not complete the course and
obtained a W in place of a grade. Because this measure of the variable is nominal, a Chi
Square Test of Independence was used to analyze the data.
When using the four SI attendance groups, the Chi Square crosstabulation had one
cell with expected frequency less that 5, the cell for students who withdrew from the
course and attended SI 4 to 7 times. This violates an important assumption of the Chi
Square Test of Independence. Therefore the analysis was repeated using three SI
attendance levels, where the moderate and high SI attendance groups were collapsed into
one group. The three categories were: never attended SI sessions, low attendance
(attended 1 to 3 SI sessions), and high attendance (attended 4 or more SI sessions). In this
case, none of the cells had expected count less than five.
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There was a statistically significant relationship between withdrawal rate and SI
attendance (χ2 2,280 = 12.960; p = .002). Using the “rule of thumb” value of a standardized
residual (SR) of 2 (in absolute value), two cells contributed significantly to this
relationship. The number of students who never attended SI sessions and withdrew from
the course was statistically significantly higher that expected (S R= 2.2). Similarly,
significantly fewer students that expected withdrew among those who attended SI
sessions 4 or more times (SR = -2.6). Similarly, pairwise comparisons among SI
attendance groups suggested students in the high SI attendance group were less likely to
withdraw from the biology course than students who never attended SI sessions (χ2 1,199 =
13.357; p = .000).
The data for these results are presented in Table 27.
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Table 27
Chi Square Test for Withdrawal Groups and SI Attendance in BSC 2010 (n=280)
Withdrawal

SI Groups
Never attended SI

Low SI Attendance

High SI Attendance

Total

Total

No W

W

87

16

103

% of Total

31.1%

5.7%

36.8%

St. Residual

-.7

2.2

Count

73

8

81

% of Total

26.1%

2.9%

28.9%

St. Residual

-.1

.3

Count

95

1

30

% of Total

33.9%

.4%

34.3%

St. Residual

.8

-2.6

255

25

280

91.1%

8.9%

100.0%

Count

Count
% of Total

From these results, it can be concluded that students who attended 4 or more SI
sessions were less likely to withdraw from the course than those who either attended
fewer SI sessions or did not attend at all. Regular attendance to SI sessions seemed to be
associated with higher retention rates and lower withdrawal rates.

Ancillary Analyses
The analyses for rate of withdrawal in the biology course were repeated with a
delimited sample that excluded students who participated in tutoring sessions. The
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delimited sample in this case was reduced to 193 (out of 282) subjects who completed the
course with a grade of A, B, C, D, F, or W. Students who received an incomplete grade
were excluded from the analyses.
The four SI attendance groups in this sample were equivalent in terms of
incoming SAT scores. One-way ANOVA results indicated there was no statistically
significant mean difference (at the 0.05 level) in total SAT scores between the four SI
attendance groups, F (3, 177) = 1.425, p = .237. Only 181 subjects had SAT scores.
For this sample, the SI attendance groups were collapsed into three categories:
never attended SI sessions, low attendance (attended 1 to 3 SI sessions), and high
attendance (attended 4 or more SI sessions). In this case, none of the cells had expected
count less than five, satisfying an important assumption of the Chi Square Test of
Independence. There was a statistically significant relationship between withdrawal rate
and SI attendance, χ2 2, 193 = 6.598; p = .037. The students in the high SI attendance group
were less likely to withdraw from the biology course than those who never attended SI
sessions or had low SI attendance. These results were consistent with the results obtained
in the analysis that included tutoring participants.
In conclusion, the results of the ancillary analyses for this research question
excluding students who participated in tutoring sessions were consistent with the
previous results. There was a statistically significant relationship between rate of
withdrawal from the biology course and SI attendance regardless of participation in
tutoring. In both analyses, lower withdrawal rates from the biology course were
associated with higher levels of participation in SI sessions.
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Research Question Five
What relationship, if any, exists between Supplemental Instruction (SI)
participation and student gender and ethnic background?

Description of the Sample
For this research question, the sample of 282 students enrolled in BSC 2010 was
delimited to 254 students. These were students who completed the biology course with a
grade of A, B, C, D, or F. The subjects who withdrew from the course or received an
incomplete grade (I) were excluded from the sample.
The sample (n = 254) consisted of 106 male students (41.7%), and 148 females
(58.3%). The class level composition of the sample included 129 freshmen (50.8%), 69
sophomores (27.2%), 35 juniors (13.8%), 14 seniors (5.5%), 5 second-degree students
(2.0%), and 2 non-classified students (.8%).
The ethnic composition of this sample included 27 Asian-Americans (10.6%), 27
African-Americans (10.6%), 42 Hispanics (16.5%), 152 Non-Hispanic Whites (59.8%),
and 8 students of other race or ethnicity (2.4%).
The independent variable for this research question was SI attendance. In this
sample, 167 (65.7%) of the students attended SI sessions at least once. Eighty-seven
(34.3%) of the students did not attend SI sessions. The independent variable had 4 levels:
never attended SI sessions, low attendance (attended 1 to 3 SI sessions), moderate
attendance (attended 4 to 7 SI sessions), and high attendance (attended 8 or more SI
sessions). The distribution of students in each group is presented in Table 28.
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Table 28
SI Groups According to the Level of SI Attendance in BSC 2010 (n=254)
SI Groups

Frequency

Percent

Valid Percent

Never attended SI

87

34.3

34.3

Low SI attendance

72

28.3

28.3

Moderate SI attendance

30

11.8

11.8

High SI attendance

65

25.6

25.6

254

100.0

100.0

Total

Determining the Equivalency of Groups
A one-way ANOVA was used to determine the equivalency of the four SI groups
in terms of academic preparation based on total SAT scores. Of the 254 students in the
sample, only 232 had total SAT scores. The Levene's Test for Equality of Variances was
not statistically significant, F (3, 228) = .222, p = .881, indicating the variances were
homogeneous across groups. There was no statistically significant mean difference (at the
0.05 level) in total SAT scores between the four SI attendance groups, F(3, 228) = 2.229,
p = .086, ηp2 = .028. SI attendance accounted for about 3% of the variability in SAT
scores, a small effect size. This result suggested that the groups were not significantly
different in terms of academic preparation and the groups that attended SI sessions were
not necessarily better prepared than those who did not participate in SI. The data for this
analysis are presented in Tables 29 and 30.
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Table 29
Mean Total SAT Scores Based on SI Attendance in BSC 2010 (n=232)
SI Groups

Mean

SD

Never attended SI

1148.82

128.92

85

Low SI attendance

1125.51

120.18

69

Moderate SI attendance

1125.42

133.84

24

High SI attendance

1091.85

127.84

54

Total

1126.21

127.64

232

n

Table 30
Analysis of Variance for Total SAT Scores Based on SI Participation in BSC 2010
(n=232)
Source
Between Groups

SS

df

MS

F

p

ηp2

2.229

.086

.028

107261.821

3

35753.940

Error

3656400.247

228

16036.843

Total

298019000.000

232

Analyses for Gender and Ethnic Background
The dependent variables for this research question were gender (male, female)
and ethnic background. Because these measures of the variables are nominal, Chi Square
Tests of Independence were used to analyze the data. When using the five ethnic
categories, the Chi Square crosstabulation had cells with expected frequencies less that 5.
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To avoid violating this important assumption of the Chi Square Test of Independence, the
ethnic groups were collapsed into two categories: white and minority students.

Chi Square Analysis for Gender
The omnibus relationship between gender and level of SI participation was not
statistically significant (χ2 3,254 = 7.616; p = .055). There were more female students in the
group of students who attended 8 or more SI sessions than in the groups of students who
either attended less than 8 SI sessions or did not attend at all. Although no relationship
between gender and SI attendance could be established, it can be concluded that female
students attended SI sessions more frequently than male students. The data for these
results are presented in Table 31.
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Table 31
Chi Square Test for Gender Groups and SI Attendance in BSC 2010 (n=254)
SI Group

Never attended SI

Low SI Attendance

Moderate SI Attendance

High SI Attendance

Total

Gender

Total

Female

Male

42

45

87

% within SI Group

48.3%

51.7%

100.0%

% of Total

16.5%

17.7%

34.3%

45

27

72

% within SI Group

62.5%

37.5%

100.0%

% of Total

17.7%

10.6%

28.3%

16

14

30

% within SI Group

53.3%

46.7%

100.0%

% of Total

6.3%

5.5%

11.8%

45

20

65

% within SI Group

69.2%

30.8%

100.0%

% of Total

17.7%

7.9%

25.6%

148

106

254

% within SI Group

58.3%

41.7%

100.0%

% of Total

58.3%

41.7%

100.0%

Count

Count

Count

Count

Count
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Chi Square Analysis for Ethnic Background
There was no statistically significant relationship in ethnic background and level
of SI participation (χ2 3,254 = 5.115; p = .164). The data for these results are presented in
Table 32.
Table 32
Chi Square Test for Ethnic Groups and SI Attendance in BSC 2010 (n=254)
SI Group

Never attended SI

Ethnicity

Count
% of Total

Low SI Attendance

Count
% of Total

Moderate SI Attendance

Count
% of Total

High SI Attendance

Count
% of Total

Total

Count
% of Total

Minority

White

Total

35

52

87

13.8%

20.5%

34.3%

22

50

72

8.7%

19.7%

28.3%

13

17

30

5.1%

6.7%

11.8%

32

33

65

12.6%

13.0%

25.6%

102

152

254

40.2%

59.8%

100.0%

From these results, there seemed to be no relationship between the students’
ethnic background and the frequency of attendance to SI sessions. In the high SI
attendance group, however, there seemed to be almost equal representation of minority
students and white students.

104

Ancillary Analyses
The analyses to determine the relationship between SI participation and gender
and ethnic background in the biology course were repeated with a delimited sample that
excluded students who attended tutoring sessions. The delimited sample in this case was
reduced to 193 (out of 282) subjects who completed the course with a grade of A, B, C,
D, or F. Withdrawals and incomplete grades were excluded from the analyses.
The four SI attendance groups in this sample were equivalent in terms of
incoming SAT scores. One-way ANOVA results indicated there was no statistically
significant mean difference (at the 0.05 level) in total SAT scores between the four SI
attendance groups, F (3, 177) = 1.425, p = .237. Only 181 subjects had SAT scores.
The Chi Square analysis for the relationship between SI participation and gender
was not statistically significant, χ2 3,193 = 5.508; p = .138. This result was consistent with
the results obtained in the analysis that included tutoring participants.
The Chi Square analysis for the relationship between SI participation and ethnic
background required collapsing some variable categories to avoid cells with expected
frequencies less than five. The moderate and high SI attendance groups into one category:
high SI attendance, and the ethnicity groups were collapsed into two groups: whites and
minorities. The omnibus relationship between ethnic background and SI attendance was
not statistically significant, χ2 2,193 = 1.927; p = .381. This result was consistent with the
previous results obtained were tutoring participants were included in the analysis.
In conclusion, the results of the ancillary analyses to determine the relationship
between SI participation and gender and ethnic background, excluding students who
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participated in tutoring sessions, were consistent with the previous results. No statistically
significant relationship was found between SI attendance and gender and ethic
background regardless of participation in tutoring sessions.
This section presented the results of the data analyses related to each research
question in General Biology (BSC 2010). The next section will report the results of the
data analyses for each research question in the Fundamentals of Chemistry I (CHM 2045)
course.

Statistical Results for Fundamentals of Chemistry I (CHM 2045)

Research Question One
What mean difference, if any, exists in student development of the self-regulated
learning components of motivation, cognition, metacognition, and resource management
from the beginning of the semester to the end of the semester based on level of student
participation in Supplemental Instruction (SI)?

Description of the Sample
For this research question, the sample was delimited to 219 students out of the
462 students enrolled in CHM 2045. The subjects in this sample had taken the first and
second administration of the MSLQ, were taking the course for the first time, and
completed the course with a grade of A, B, C, D, or F. The subjects who withdrew from
the course were excluded from the sample.
The delimited sample (n = 219) consisted of 93 male students (42.5%), and 126
females (57.5%). The class level composition of the sample included 169 freshmen
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(77.2%) and 49 sophomores (22.4%). One student did not respond (.5%). There were no
juniors or seniors in the delimited sample. The ethnic composition of the sample included
15 Asian-Americans (6.8%), 39 African-Americans (17.8%), 33 Hispanics (15.1%), 124
Non-Hispanic Whites (56.6%), and 8 students of other race or ethnicity (3.7%).
The independent variable for this research question was SI attendance. In this
sample, 128 (58.4%) of the students attended SI sessions at least once. Ninety-one
(41.6%) of the students did not attend SI sessions. The independent variable, SI
attendance, had 4 levels: never attended SI, low SI attendance (attended SI 1 to 3 times),
moderate SI attendance (attended SI 4 to 7 times), and high SI attendance (attended SI 8
or more times). The distribution of students in each group is presented in Table 33.

Table 33
Groups According to the Level of SI Attendance in CHM 2045 (n=219)
SI Groups

Frequency

Percent

Valid Percent

Never attended SI

91

41.6

41.6

Low SI attendance

66

30.1

30.1

Moderate SI attendance

22

10.0

10.0

High SI attendance

40

18.3

18.3

219

100.0

100.0

Total

Determining the Equivalency of Groups
A one-way ANOVA was used to determine the equivalency of the groups in
terms of academic preparation based on total SAT scores. Of the 219 subjects considered
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in the delimited sample, only 204 had SAT scores. One important assumption of
ANOVA is homogeneity of variances. The Levene's Test for Equality of Variances was
not statistically significant, F (3, 200) = 2.314, p = .077, indicating the variances were
homogeneous across groups. There was a statistically significant mean difference (at the
0.05 level) in total SAT scores between the four SI attendance groups, F (3, 200) = 6.283,
p=.000, ηp2 = .086. The SI attendance groups accounted for about 9% of the variability in
mean SAT scores, a moderate effect size. A Scheffe post hoc test revealed significantly
lower SAT scores for students from the low (M = 1070.2, SD =127.80) and moderate (M
= 1043.2, SD = 79.17) SI attendance groups had than for students who did not attend (M
= 1143.6, SD =115.02).
The data for this analysis are presented in Tables 34 and 35.

Table 34
Mean Total SAT Scores Based on SI Participation in CHM 2045(n=204)
SI Groups

Mean

SD

n

Never attended SI

1143.60

115.02

86

Low SI attendance

1070.17

127.80

59

Moderate SI attendance

1043.16

79.17

19

High SI attendance

1117.00

138.66

40

Total

1107.79

125.77

204
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Table 35
Analysis of Variance for Total SAT Scores Based on SI Participation in CHM 2045
(n=204)
Source
Between Groups

SS

df

276575.963

3

Error

2934531.390

200

Total

253561500.000

204

MS

F

92191.988 6.283*

p

ηp2

.000

.086

14672.657

Note: *p <.01

The results of the one-way ANOVA test suggested that, although the SI
attendance groups were significantly different in terms of academic preparation, the
groups that attended SI sessions were not necessarily better prepared before the semester
started than those who did not participate in SI.

Analysis of Self-Regulated Learning Measures
The dependent variables were the pre and posttest scores of the four components
of self-regulated learning measured by the MSLQ: motivation, cognition, metacognition,
and resource management. These variables were calculated by taking the mean of the
item responses corresponding to each scale. The students responded to each item using a
seven-point Lickert scale from 1 (not at all true of me) to 7 (very true of me). Items that
did not have a selected response were coded as missing data and excluded from the
analysis.
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Repeated Measures ANOVA tests with one between factor or “split plot” were
used for each one of the four interval dependent variables to determine whether there was
a difference in motivation, cognition, metacognition, and resource management pretest
and posttest mean scores based on the number of attendances to SI sessions. This test was
chosen because each subject was measured twice, there is more than one independent
group, and the dependent variables are continuous. The Repeated Measures ANOVA
analyses for each dependent variable are presented in the next sections.

Motivation
The Repeated Measures ANOVA test included one within-subjects factor
(motivation pre and posttest measures) and one between-subjects factor (four levels of SI
participation). The dependent variable was the mean motivation score.
The assumption of homogeneity of covariance matrices was met, Box’s M =
14.455, F(9, 54719.375) = 1.569, p = .118. Therefore, the covariance matrices were equal
across all levels of the between-subjects (SI attendance) levels. In this study, the withinsubjects factor (motivation) had only two levels; therefore, the assumption of sphericity
was not applicable and thus not tested. The Repeated Measures ANOVA test yielded
identical results for the univariate and multivariate tests. Therefore, the univariate results
were reported.
There was a statistically significant difference in motivation pretest (M = 5.08; SD
= .64) and posttest (M = 4.70; SD =.80) scores, F(1, 215) = 26.789, p = .000, ηp2 = .111.
Overall, the posttest scores were statistically significantly lower than the pretest scores.
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The value of the partial eta squared indicated the time between pretest and posttest
accounted for less than 11% of the variability in student motivation. This value was
interpreted as a moderate effect size.
There was no statistically significant difference in motivation between the
different SI attendance groups, F(3, 215) = 1.189, p = .315, ηp2 = .016. SI attendance
accounted for about 2% of the variance in student motivation from pretest and posttest, a
small effect size. The interaction effect between SI attendance and differences in
motivation from pretest to posttest was not statistically significant, F(3, 215) = 1.005,
p= .391, ηp2 = .014. The interaction effect accounted for 1% of the variation in motivation
mean scores, a small effect size.
Overall, students’ motivation in the CHM 2045 class decreased between pre and
posttest administrations of the MSLQ regardless of whether or not they attended SI
sessions. The mean motivation scores for both pre and posttest tended to be higher for
students who attended SI more frequently, but this difference was not statistically
significant.
The data for this analysis are presented in Tables 36 and 37.
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Table 36
Mean Motivation Scores based on SI Participation in CHM 2045 (n=219)

Motivation Pretest

Motivation Posttest

SI Groups

Mean

SD

Never attended SI

4.9870

.5991

91

Low SI attendance

5.2381

.7261

66

Moderate SI attendance

5.1041

.6536

22

High SI attendance

5.0440

.5677

40

Total

5.0849

.6447

219

Never attended SI

4.7381

.7831

91

Low SI attendance

4.7372

.8402

66

Moderate SI attendance

4.5243

.9831

22

High SI attendance

4.6642

.6611

40

Total

4.7029

.7995

219

n

Table 37
Repeated Measures ANOVA for Mean Motivation Scores in CHM 2045 (n=219)
Source
Motivation

SS

df

MS

F

p

ηp2

26.789*

.000

.111

15.124

1

15.124

Motivation × SI Groups

1.702

3

.567

1.005

.391

.014

SI Groups

1.745

3

.582

1.189

.315

.016

121.379

215

.565

Error

Note: *p<.01, the × symbol denotes the interaction effect
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Cognition
The Repeated Measures ANOVA test included one within-subjects factor
(cognition pre and posttest measures) and one between-subjects factor (four levels of SI
participation). The dependent variable was the mean cognition score.
The assumption of homogeneity of covariance matrices was met, Box’s M =
17.187, F(9, 54719.375) = 1.866, p = .052. Therefore, the covariance matrices were equal
across all levels of the between-subjects (SI attendance) levels. In this study, the withinsubjects factor (motivation) had only two levels; therefore, the assumption of sphericity
was not applicable and thus not tested. The Repeated Measures ANOVA test yielded
identical results for the univariate and multivariate tests. Therefore, the univariate results
were reported.
The Repeated Measures ANOVA analysis revealed no statistically significant
difference in cognition pretest (M = 4.53; SD = .84) and posttest (M = 4.23; SD = .85)
scores, F(1, 215) = 1.267, p =.262, ηp2 = .006. The partial eta squared value represents a
small effect size where the time between pre and posttest accounted for about .6% of the
variability in student motivation.
There was no statistically significant difference in cognition between the different
SI attendance groups, F(3, 215) =.847, p = .470, ηp2 = .012. SI attendance accounted for
about 1% of the variance in student cognitive strategies from pre and posttest, a small
effect size. The interaction effect between SI attendance and differences in cognition
from pretest to posttest was not statistically significant, F(3, 215) =1.129; p = .338, ηp2 =
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.016. The interaction effect accounted for about 2% of the variation in student cognitive
strategies from pre and posttest, a small effect size.
In conclusion, though differences were not statistically significant, students’ use
of cognitive strategies in CHM 2045 increased between pre and posttest administrations
of the MSLQ. Within SI attendance groups, gains in cognitive skills were observed for
individuals with high participation in SI sessions. However, these differences were also
not statistically significant.
These results are portrayed in Tables 38 and 39.

Table 38
Mean Cognition Scores based on SI Participation in CHM 2045 (n=219)

Cognition Pretest

Cognition Posttest

SI Groups

Mean

SD

Never attended SI

4.4303

.8236

91

Low SI attendance

4.6226

.8635

66

Moderate SI attendance

4.3636

.9798

22

High SI attendance

4.7013

.7141

40

Total

4.5311

.8372

219

Never attended SI

4.4715

.8453

91

Low SI attendance

4.3385

.9321

66

Moderate SI attendance

4.3876

.9205

22

High SI attendance

4.5060

.7119

40

Total

4.4293

.8549

219

114

n

Table 39
Repeated Measures ANOVA for Mean Cognition Scores in CHM 2045 (n=219)
Source

SS

df

MS

F

p

ηp2

.888

1

.888

1.267

.262

.006

Cognition × SI Groups

2.375

3

.792

1.129

.338

.016

SI Groups

1.857

3

.619

.847

.470

.012

150.782

215

.701

Cognition

Error

Note: the × symbol denotes the interaction effect

Metacognition
The Repeated Measures ANOVA test included one within-subjects factor
(metacognition pre and posttest measures) and one between-subjects factor (four levels of
SI participation). The dependent variable was the mean metacognition score.
The assumption of homogeneity of covariance matrices was met, Box’s M =
6.425, F(9, 54719.375) = .697, p = .712. Therefore, the covariance matrices were equal
across all levels of the between-subjects (SI attendance) levels. In this study, the withinsubjects factor (motivation) had only two levels; therefore, the assumption of sphericity
was not applicable and thus not tested. The Repeated Measures ANOVA test yielded
identical results for the univariate and multivariate tests. Therefore, the univariate results
were reported.
The Repeated Measures ANOVA analysis for the metacognition component of
the MSLQ revealed no statistically significant difference in metacognition pretest (M =
4.49; SD = .704) and posttest (M = 4.45; SD = .722) scores, F(1, 215) =.752, p =.387, ηp2
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= .003. The time between pre and posttest accounted for about .3% of the variability in
student motivation. This represented a small effect size.
There was no statistically significant difference in metacognition among the
different SI attendance groups, F(3, 215) = .583, p = .627, ηp2 = .008. SI attendance
accounted for about .8% of the variance in students’ use of metacognitive strategies from
pre and posttest, a small effect size. The interaction effect between SI attendance and
differences in metacognition from pretest to posttest was not statistically significant,
F(3,215) = .399, p = .754, ηp2 = .006. The interaction effect accounted for .6% of the
variance in students’ use of metacognitive strategies from pre and posttest, a small effect
size.
In conclusion, students’ use of metacognitive strategies did not change
significantly between pre and posttest administrations of the MSLQ regardless of whether
or not they attended SI sessions.
The results of this analysis are portrayed in Tables 40 and 41.
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Table 40
Mean Metacognition Scores based on SI Participation in CHM 2045 (n=219)

Metacognition Pretest

Metacognition Posttest

SI Groups

Mean

SD

Never attended SI

4.4353

.7152

91

Low SI attendance

4.5810

.7954

66

Moderate SI attendance

4.4205

.7411

22

High SI attendance

4.5106

.7040

40

Total

4.4915

.7387

219

Never attended SI

4.4819

.6371

91

Low SI attendance

4.4722

.7851

66

Moderate SI attendance

4.3178

.7603

22

High SI attendance

4.3934

.7890

40

Total

4.4463

.7220

219

n

Table 41
Repeated Measures ANOVA for Mean Metacognition Scores in CHM 2045 (n=219)
MS

F

p

ηp2

1

.412

.752

.387

.003

.657

3

.219

.399

.754

.006

.920

3

.307

.583

.627

.008

117.845

215

.548

Source

SS

Metacognition

.412

Metacognition × SI Groups
SI Groups

Error

df

Note: The × symbol denotes the interaction effect
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Resource Management
The Repeated Measures ANOVA test included one within-subjects factor
(resource management pre and posttest measures) and one between-subjects factor (four
levels of SI participation). The dependent variable was the mean resource management
score.
The assumption of homogeneity of covariance matrices was met, Box’s M =
4.933, F(9, 54719.375) = .535, p = .850, indicating the covariance matrices were equal
across all levels of the between-subjects (SI attendance) levels. In this study, the withinsubjects factor (motivation) had only two levels; therefore, the assumption of sphericity
was not applicable and thus not tested. The Repeated Measures ANOVA test yielded
identical results for the univariate and multivariate tests. Therefore, the univariate results
were reported.
The Repeated Measures ANOVA analysis for the resource management measure
of self-regulation revealed no statistically significant difference in resource management
pretest (M = 4.39; SD = .602) and posttest (M = 4.42; SD =.816) scores, F(1, 215) =.166,
p = .684, ηp2 = .001. The time between pre and posttest accounted for about .1% of the
variability in student resource management scores, a small effect size. The mean resource
management scores between the different SI attendance groups were not statistically
significant, F(3, 215) = .308, p =.820, ηp2 = .004 . SI attendance accounted for about .4%
of the variance in students’ use of resources from pre and posttest, a small effect size. The
interaction effect between SI attendance and differences in resource management from
pretest to posttest was not statistically significant, F(3,215)=.962, p=.412, ηp2 = .013. The
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interaction effect accounted for about .1% of the variance in students’ use of resources
from pre and posttest, a small effect size.
These results are presented in Tables 42 and 43.

Table 42
Mean Resource Management Scores based on SI Participation in CHM 2045 (n=219)
SI Groups

Mean

SD

Resource Management

Never attended SI

4.3208

.6349

91

Pretest

Low SI attendance

4.3687

.6153

66

Moderate SI attendance

4.4833

.5661

22

High SI attendance

4.5102

.5080

40

Total

4.3862

.6017

219

Resource Management

Never attended SI

4.4686

.8023

91

Posttest

Low SI attendance

4.3896

.7600

66

Moderate SI attendance

4.2681

.8543

22

High SI attendance

4.4250

.9255

40

Total

4.4167

.8155

219

119

n

Table 43
Repeated Measures ANOVA for Mean Resource Management Scores in CHM 2045
(n=219)
Source
Resource Management
Resource Mgt. × SI Groups
SI Groups

Error

SS

df

MS

F

p

ηp2

.090

1

.090

.166

.684

.001

1.561

3

.520

.962

.412

.013

.453

3

.151

.308

.820

.004

116.305

215

.541

Note: The × symbol denotes the interaction effect

Students’ management of learning resources increased between pre and posttest
administrations of the MSLQ regardless of whether or not they attended SI sessions. This
increase was not statistically significant. The use of learning resources seemed to increase
with higher number of SI sessions attended.

Ancillary Analyses
The analyses to determine the mean differences in motivation, cognition,
metacognition, and resource management in the chemistry class from the beginning of
the semester to the end of the semester based on level of student participation in SI were
repeated with a delimited sample that excluded students who participated in tutoring
sessions. In this case, the sample was delimited to 124 (out of 462) subjects in the
chemistry class who took both pre and posttest and are taking the course for the first time,
excluding those who withdrew from the course.
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The four SI attendance groups were equivalent in terms of incoming SAT scores.
One-way ANOVA results indicated there was no statistically significant mean difference
(at the 0.05 level) in total SAT scores among the four SI attendance groups, F (3, 114) =
1.253, p=.294. In the previous analyses, the one-way ANOVA was statistically
significant and the SI attendance groups were not equivalent in terms of SAT scores.
The repeated measures ANOVA tests for motivation, cognition, metacognition,
and resource management pretest and posttest scores yielded the following results:

Motivation
There was a statistically significant difference in motivation pretest (M = 5.07; SD
= .624) and posttest (M = 4.72; SD =.794) scores, F(3, 120) = 12.504, p = .00. Posttest
scores were significantly lower that the pretest scores. There was no statistically
significant difference in motivation between the different SI attendance groups, F(3, 120)
= .954, p = .417. The interaction effect between SI attendance and differences in
motivation from pretest to posttest was not statistically significant, F(3, 120) = .937; p =
.425. These results were consistent with the previous analyses including tutoring
participants.

Cognition
The difference in cognition pretest (M = 4.51; SD = .825) and posttest (M = 4.43;
SD = .829) scores was not statistically significant, F(3, 120) = 1.435, p =.233. There was
no statistically significant difference in cognition among the different SI attendance

121

groups, F(3, 120) = .882, p = .453. The interaction effect between SI attendance and
differences in cognition from pretest to posttest was not statistically significant, F(3, 120)
=.550; p = .649. These results were consistent with the previous analyses including
tutoring participants.

Metacognition
There was no statistically significant difference in metacognition pretest (M =
4.46; SD = .751) and posttest (M = 4.47; SD = .709) scores, F(3, 120) = .513, p = .475.
The difference in metacognition among the different SI attendance groups was not
statistically significant, F(3, 120) = 1.572, p = .200. The interaction effect between SI
attendance and differences in metacognition from pretest to posttest was not statistically
significant, F(3,120) = .549, p = .650. These results were consistent with the previous
analyses including tutoring participants.

Resource Management
The difference in resource management pretest (M = 4.32; SD = .615) and posttest
(M = 4.39; SD =.798) scores was not statistically significant, F(3, 120) = .647, p = .423.
There was no statistically significant difference in resource management scores between
the different SI attendance groups, F(3, 120) = .467, p =.706. The interaction effect
between SI attendance and differences in metacognition from pretest to posttest was not
statistically significant, F(3,120) =1.002, p = .395. These results were consistent with the
previous analyses including tutoring participants.
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In summary, the results of the ancillary analyses excluding students who
participated in tutoring sessions were consistent with the results presented in the previous
analyses. Excluding tutoring participants did not change the results of the Repeated
Measures ANOVA tests. Therefore, for this research question, student attendance in
tutoring sessions did not seem to make a difference in the results.

Research Question Two
What mean difference, if any, exists in the self-regulated learning components of
motivation, cognition, metacognition, and resource management, as measured at the end
of the semester based on student level of participation in Supplemental Instruction (SI)?

Description of the Sample
For this research question, the sample of 462 students enrolled in CHM 2045 was
delimited to 223 students. The subjects in this delimited sample had taken the second
administration of the MSLQ or posttest, were taking the chemistry course for the first
time, and completed the course. The subjects who withdrew from the course were
excluded from this sample.
The delimited sample (n = 223) consisted of 96 male students (43%), 126 females
(56.5%), and one student who did not respond regarding gender. The class level
composition of the sample included 168 freshmen (75.3%), 36 sophomores (16.1%), 12
juniors (5.4%), and 7 seniors (3.1%).
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The ethnic composition of this sample included 15 Asian-Americans (6.7%), 38
African-Americans (17%), 34 Hispanics (15.2%), 126 Non-Hispanic Whites (56.5%),
and 10 students of other race or ethnicity (4.5%).
The independent variable for this research question was SI attendance. In this
sample, 128 (57.4%) of the students attended SI sessions at least once. Ninety-five
(28.6%) of the students did not attend SI sessions. The independent variable, SI
attendance, had 4 levels: never attended SI sessions, low attendance (attended 1 to 3 SI
sessions), moderate attendance (attended 4 to 7 SI sessions), and high attendance
(attended 8 or more SI sessions). The distribution of students in each group is presented
in Table 44.

Table 44
Groups According to the Level of SI Attendance in CHM 2045 (n=223)
SI Groups

Frequency

Percent

Valid Percent

Never attended SI

95

42.6

42.6

Low SI attendance

66

29.6

29.6

Moderate SI attendance

21

9.4

9.4

High SI attendance

41

18.4

18.4

223

100.0

100.0

Total

Determining the Equivalency of Groups
A one-way ANOVA was used to determine the equivalency of the four SI groups
in terms of academic preparation based on total SAT scores. Of the 223 students in the
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sample, only 208 had total SAT scores. The Levene’s Test of Equality of Variance was
not statistically significant, F (3, 204) = 1.820, p = .145, indicating the variances were
homogeneous across groups. There was a statistically significant mean difference (at the
0.05 level) in total SAT scores among the four SI attendance groups, F(3, 204) = 6.783, p
= .000, ηp2 = .091. SI participation accounted for about 9% of the variance in mean SAT
scores, a moderate effect size. A Scheffe post hoc test revealed students from the low (M
= 1067.12, SD =125.81) and moderate (M = 1043.33, SD = 81.46) SI attendance groups
had significantly lower SAT scores that those who did not attend SI sessions (M =
1144.67, SD = 115.65).
The data for this analysis are presented in Tables 45 and 46.

Table 45
Mean Total SAT Scores Based on SI Attendance in CHM 2045 (n=208)
SI Groups

Mean

SD

n

Never attended SI

1144.67

115.65

90

Low SI attendance

1067.12

125.81

59

Moderate SI attendance

1043.33

81.46

18

High SI attendance

1115.12

137.44

41

Total

1108.08

125.76

208
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Table 46
Analysis of Variance for Total SAT Scores Based on SI Participation in CHM 2046
(n=208)
Source
Between Groups
Error
Total
Note: *p < .01

SS

df

296956.209

3

2976874.560

204

258663400.000

208

MS

F

98985.403 6.783*

p

ηp2

.000

.091

14592.522

The results of the one-way ANOVA test suggested that, although the SI
attendance groups were significantly different in terms of academic preparation, the
groups that attended SI sessions were not necessarily better prepared before the semester
started than those who did not participate in SI.

Analysis of Self-Regulated Learning Measures
The dependent variables were the posttest scores of the four components of selfregulated learning measured by the MSLQ: motivation, cognition, metacognition, and
resource management. These variables were calculated by taking the mean of the item
responses corresponding to each scale. The students responded to each item using a
seven-point Lickert scale from 1 (not at all true of me) to 7 (very true of me). Items that
did not have a selected response were coded as missing data and excluded from the
analysis.
A Multiple ANOVA (MANOVA) test was used to determine whether there was a
difference in motivation, cognition, metacognition, and resource management mean
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posttest scores based on the number of attendances to SI sessions. This test was chosen
because the independent variable had four levels and there were four interval dependent
variables. The assumption of homogeneity of covariance was tested using Box’s M Test.
This assumption was met, Box’s M = 37.181, F(30, 24100.333) = 1.181, p = .228, and the
covariance matrices were equal across all levels of the between-subjects (SI attendance)
levels.
The MANOVA analysis revealed statistically significant differences in mean
posttest motivation scores, F(3, 218) = 2.764, p = .043, ηp2= .037, and mean posttest
resource management scores, F(3, 218) = 3.516, p = .016, ηp2= .046, between the four SI
attendance groups. There were no statistically significant differences in mean posttest
cognition scores, F(3, 218) = .898, p = .443, ηp2= .012, and mean posttest metacognition
scores, F(3, 218) = 1.589, p = .193, ηp2= .021, among the four SI attendance groups. The
partial eta squared values for motivation, cognition, metacognition, and resource
management scores represented a small effect size.
Least significant difference (LSD) post hoc tests revealed statistically
significantly higher mean motivation scores for students in the low SI attendance (M =
5.12, SD =1.007) and moderate attendance groups (M = 4.62, SD = .827) compared to the
group that did not participate in SI sessions (M = 4.74, SD = .962). Similarly, students in
the high attendance group had statistically significant higher mean resource management
scores (M = 4.64, SD = .641) than students who did not attend SI sessions (M = 4.25, SD
= .677). The data from these results are presented in Tables 47 and 48.
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Table 47
Mean Posttest Scores Based on SI Attendance in CHM 2045 (n=222)

Motivation

Cognition

Metacognition

Resource Mgt

SI Groups

Mean

SD

Never attended SI

4.7353

.9623

95

Low SI attendance

5.1169

1.0071

65

Moderate SI attendance

4.6224

.8269

21

High SI attendance

4.9882

.8908

41

Total

4.8831

.9628

222

Never attended SI

4.3044

.8355

95

Low SI attendance

4.5166

.9694

65

Moderate SI attendance

4.3133

.5142

21

High SI attendance

4.4339

.8062

41

Total

4.3913

.8482

222

Never attended SI

4.4149

.7390

95

Low SI attendance

4.5655

.8190

65

Moderate SI attendance

4.1703

.5532

21

High SI attendance

4.4697

.7128

41

Total

4.4460

.7471

222

Never attended SI

4.2512

.6773

95

Low SI attendance

4.4068

.7159

65

Moderate SI attendance

4.2510

.4364

21

High SI attendance

4.6373

.6412

41

Total

4.3681

.6754

222
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n

Table 48
Multiple ANOVA for Mean Posttest Scores in CHM 2045 (n=222)
Source
Motivation

Between
Error

Cognition

Between
Error

Metacognition Between
Error
Resource Mgt. Between
Error

SS

df

MS

7.507

3

2.502

197.371

218

.905

1.940

3

.647

157.038

218

.720

2.640

3

.880

120.708

218

.554

4.654

3

1.551

96.173

218

.441

F

p

2.764* .043

ηp2
.037

.898

.443

.012

1.589

.193

.021

3.516*

.016

.046

Note: *p < .05

Ancillary Analyses
The analyses to determine mean differences in motivation, cognition,
metacognition, and resource management in the chemistry class at the end of the semester
based on student level of SI participation were repeated with a delimited sample that
excluded students who participated in tutoring sessions. Removing tutoring participants,
the delimited sample was reduced to 126 (out of 462) subjects in the chemistry class who
took the posttest and were taking the course for the first time, excluding those who
withdrew from the course.
The four SI attendance groups were equivalent in terms of incoming SAT scores.
The one-way ANOVA results indicated there was not a statistically significant mean
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difference (at the 0.05 level) in total SAT scores between the four SI attendance groups,
F(3, 116) = 2.152, p = .097. In the previous analyses, the one-way ANOVA was
statistically significant and the SI attendance groups were not equivalent in terms of SAT
scores.
The MANOVA test revealed no statistically significant differences in mean
posttest motivation scores, F(3, 121) = .794, p = .499; mean posttest cognition scores,
F(3, 121) = .430, p = .372; mean posttest metacognition scores, F(3, 121) = .685, p =
.563; and mean posttest resource management scores, F(3, 121) = 2.250, p = .086
between the four SI attendance groups. These results were not consistent with the
previous analysis. When tutoring participants were included in the sample, the
differences in mean posttest motivation scores and mean posttest resource management
scores between the four the SI attendance groups were statistically significant.
In conclusion, the results of the ancillary analyses in the chemistry course
excluding students who participated in tutoring sessions somewhat differed from the
results presented in the previous analyses. For the second research question, student
attendance in tutoring sessions seemed to make a difference in terms of end of semester
motivation and resource management scores.
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Research Question Three
What difference in academic performance, if any, exists between students who
participate in Supplemental Instruction (SI) and those who do not participate in SI? Two
measures of academic performance were used: final percent scores (out of 100) and final
letter grades in CHM 2045.

Description of the Sample
For this research question, the sample was delimited to 322 students who
completed the CHM 2045 course with a grade of A, B, C, D, or F. The subjects who
withdrew from the course or received an incomplete grade (I) were excluded from the
sample.
The delimited sample (n = 322) consisted of 147 male students (45.7%), and 175
females (54.3%). The ethnic composition of this sample included 29 Asian-Americans
(9%), 46 African-Americans (14.3%), 57 Hispanics (17.7%), 182 Non-Hispanic Whites
(56.5%), and 8 students of other race or ethnicity (2.5%).
The independent variable, SI attendance, had 4 levels: never attended SI sessions,
low attendance (attended 1 to 3 SI sessions), moderate attendance (attended 4 to 7 SI
sessions), and high attendance (attended 8 or more SI sessions). The distribution of
students in each group is presented in Table 49.
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Table 49
SI Groups According to the Level of SI Attendance in CHM 2045 (n=322)
SI Group

Frequency

Percent

Valid Percent

Never attended SI

154

47.8

47.8

Low SI attendance

90

28.0

28.0

Moderate SI attendance

24

7.5

7.5

High SI attendance

54

16.8

16.8

322

100.0

100.0

Total

Determining the Equivalency of Groups
A one-way ANOVA was used to determine the equivalency of the four SI groups
in terms of academic preparation based on total SAT scores. Of the 322 students in the
sample, only 300 had total SAT scores. The Levene's Test for Equality of Variances was
not statistically significant, F (3, 296) = 1.937, p = .124, indicating the variances were
homogeneous across groups. The difference in mean total SAT scores among the four SI
attendance groups was statistically significant at the .05 level, F(3, 296) = 7.943, p =
.000, ηp2 = .075. SI participation accounted for about 8% of the variation in mean SAT
scores, a moderate effect size. A Scheffe post hoc test revealed significantly lower SAT
scores for students in the low (M = 1074.25, SD =130.02) and moderate (M = 1053.33,
SD = 82.60) SI attendance groups than for students who did not attend SI sessions (M =
1146.51, SD =122.94).
The data for this analysis are presented in Tables 50 and 51.
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Table 50
Mean Total SAT Scores Based on SI Attendance in CHM 2045 (n=300)
SI Groups

Mean

SD

n

Never attended SI

1146.51

122.94

146

Low SI attendance

1074.25

130.02

80

Moderate SI attendance

1053.33

82.60

21

High SI attendance

1120.94

123.79

53

Total

1116.20

126.96

300

Table 51
Analysis of Variance for Total SAT Scores Based on SI Participation in CHM 2045
(n=300)
Source
Between Groups

SS

df

MS

359075.010

3

Error

4460592.990

296

Total

378590400.000

300

F

119691.670 7.943*

p

ηp2

.000

.075

15069.571

Note: p < .01

The results of the one-way ANOVA test suggested that, although the SI
attendance groups were significantly different in terms of academic preparation, the
groups that attended SI sessions were not necessarily better prepared when they started
the semester than those who did not participate in SI.
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Final Grade Analyses
The dependent variable was academic performance in the introductory chemistry
course. Two measures of academic performance were used: final numeric grades and
final letter grades in CHM 2045. The final numeric grades were the percentage out of 100
points obtained in the course before any extra credit was awarded. Because this was a
continuous measure, a one-way ANOVA analysis was used. The final letter grades were
grouped as follows: the ABC group comprised of those subjects who succeeded in the
course by obtaining grades of A, B, or C; and the DF group made up of students who did
not succeed in the course by obtaining D and F grades. Because this measure of the
variable is nominal, a Chi Square Test of Independence was used to analyze the data.

One-Way ANOVA Analysis for Numeric Grades
A one-way ANOVA was used to determine difference in final numeric grade (in
percentage points) in CHM 2045 between the SI attendance groups. The Levene's Test
for Equality of Variances was statistically significant, F (3, 317) = 3.891, p = .009,
violating the ANOVA assumption of homogeneity of variances. Therefore, there was
concern about the validity of the results and results were interpreted with caution. As
stated previously, a violation of this important assumption of ANOVA tests may lead to
bias in the calculation of the sum of squares within-groups term and to increases in the
Type I and Type II error rates (Lomax, 2001).
The mean difference in numeric scores between the four SI attendance groups was
a statistically significant at the 0.01 level, F(3, 317) = 5.304, p = .001, ηp2 = .048. SI
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attendance groups accounted for about 5% of the variation in mean final numerical
grades, a moderate effect size. The mean final score tended to be higher as level of
attendance to SI sessions increased.
Because the assumption of homogeneity of variances was violated, a post hoc test
that does not assume homogeneity of variances was used. A Games-Howell post hoc test
revealed higher mean final scores in CHM 2045 for the students in the high SI attendance
group (M = 77.8, SD = 7.19) when compared to the mean final scores of students who
either did not attend SI sessions (M = 70.9, SD = 12.75) or had low attendance (M = 73.3,
SD = 10.90). These differences were statistically significant at the .05 level.
The data for this analysis are presented in Tables 52 and 53.

Table 52
Mean Final Scores in CHM 2045 Based on SI Attendance (n=321)
SI Groups

Mean

SD

n

Never attended SI

70.8627

12.7491

153

Low SI attendance

73.3111

10.9047

90

Moderate SI attendance

73.9167

8.2983

24

High SI attendance

77.8333

7.1895

54

Total

72.9502

11.4019

321
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Table 53
Analysis of Variance for Mean Final Scores in CHM 2045 (n=321)
Source

SS

Between Groups
Error
Total
Note: *p < .01

df

MS

F

p

ηp2

5.304*

.001

.048

1988.463

3

662.821

39612.740

317

124.961

1749875.000

321

Chi Square Test of Independence Analysis
A Chi Square Test of Independence was used to determine difference in final
letter grade between the SI attendance groups. The grade groups were ABC and DF.
When using the four SI attendance groups, the Chi Square crosstabulation had one cell
with expected frequency less that 5, the cell for students who received a D or F in the
chemistry course and attended SI sessions 4 to 7 times. This violated an important
assumption of the Chi Square Test of Independence. Therefore the analysis was repeated
using three SI attendance levels, where the moderate and high SI attendance groups were
collapsed into one group. The three categories were: never attended SI sessions, low
attendance (attended 1 to 3 SI sessions), and high attendance (attended 4 or more SI
sessions).
There was a statistically significant difference in letter grade group between the
four SI attendance groups (χ2 3,322 = 6.570; p = .037). An examination of standardized
residuals (SR) did not reveal a cell that contributed to the relationship. On the other hand,
pairwise comparisons among SI attendance groups showed that students in the high SI
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participation group were significantly less likely to receive D or F grades that their
counterparts who never attended SI sessions (χ2 1, 232 = 6.605; p = .010).
The data for these results are presented in Table 54.

Table 54
Chi Square Test of Independence for Grade Groups and SI Attendance in CHM 2045
(n=322)
Grade Group

SI Group
Never attended SI

DF

119

35

154

37.0%

10.9%

47.8%

SR

-.6

1.3

Count

73

17

90

22.7%

5.3%

28.0%

SR

-.1

.1

Count

71

7

78

22.0%

2.2%

24.2%

.9

-1.9

263

59

322

81.7%

18.3%

100.0%

Count
% of Total

Low SI Attendance

% of Total
High SI Attendance

% of Total
SR
Total

Total

ABC

Count
% of Total

From these results, it can be concluded that students who attended SI sessions 4 or
more times had a lower percentage of DF grades than those who either attended fewer SI
sessions or did not attend at all. Regular attendance to SI sessions seems to be associated
with lower percentages of DF grades in CHM 2045.
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Ancillary Analyses
The analyses for the differences in final numeric scores and letter grades in the
chemistry course based on SI attendance level were repeated with a delimited sample that
excluded students who participated in tutoring sessions. The delimited sample in this case
was reduced to 225 (out of 462) subjects who completed the chemistry course with a
grade of A, B, C, D or F. Students who withdrew from the course or received an
incomplete grade were excluded from the delimited sample.
The four SI attendance groups in this sample were not equivalent in terms of
incoming SAT scores. One-way ANOVA results indicated there was a statistically
significant mean difference (at the 0.05 level) in total SAT scores between the four SI
attendance groups, F(3, 208) = 2.917, p = .035. This result was consistent with the
previous results that included tutoring participants.
In terms of final percent grades in the chemistry course, the one-way ANOVA test
revealed a statistically significant difference in mean numeric scores between the SI
attendance groups, F(3, 220) = 4.528, p = .004. A Games-Howell post hoc test was used
because the assumption of homogeneity of variance was violated. The post hoc test
revealed a significant mean difference (p<.05) in final scores between the group of
students who never attended SI (M = 70.3, SD = 13.29) and students in the high SI
attendance group (M = 77.6, SD = 7.08). These results were consistent with the results
obtained in the previous analysis that included tutoring participants.
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In terms of final letter grades in CHM 2045, the Chi Square Test of Independence
used three SI attendance categories: never attended SI sessions, low attendance (attended
1 to 3 SI sessions), and high attendance (attended 4 or more SI sessions). The moderate
and high SI attendance groups were collapsed into one group to ensure all cells had
expected frequency less that 5, an important assumption of the Chi Square Test of
Independence. Consistent with the results of the previous analysis that included students
who participated in tutoring, the differences in letter grade group (ABC vs. DF) between
the SI attendance groups were not statistically significant, χ2 2,225 = 5.537; p = .063.
In conclusion, the results of the ancillary analyses of final percentage scores and
final letter grade groups that excluded students who participated in tutoring sessions were
consistent with the previous results. In both analyses, the differences in final numeric
scores in CHM 2045 were statistically significant regardless of student participation in
tutoring sessions.

Research Question Four
What relationship, if any, exists between Supplemental Instruction (SI)
participation and rate of withdrawal from classes?

Description of the Sample
For this research question, the sample of 462 students enrolled in CHM 2045 was
delimited to 450 students. These were students who completed the chemistry course with
a grade of A, B, C, D, or F, including those who withdrew from the course. Twelve
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students who either received an incomplete grade (I) or no credit in the course were
excluded from the sample.
The sample (n = 450) consisted of 189 male students (42%), and 261 females
(58%). The ethnic composition of this sample included 40 Asian-Americans (8.9%), 63
African-Americans (14%), 82 Hispanics (18%), 250 Non-Hispanic Whites (55.6%), and
15 students of unknown race or ethnicity (3.4%).
The independent variable for this research question was SI attendance. In this
sample, 210 (46.7%) of the students attended SI sessions at least once, while 240 (53.3%)
of the students never attended SI sessions. The independent variable, SI attendance, had 4
categories: never attended SI sessions, low attendance (attended 1 to 3 SI sessions),
moderate attendance (attended 4 to 7 SI sessions), and high attendance (attended 8 or
more SI sessions). The distribution of students in each group is presented in Table 55.

Table 55
SI Groups According to the Level of SI Attendance in CHM 2045 (n=450)
SI Group

Frequency

Percent

Valid Percent

Never attended SI

240

53.3

53.3

Low SI attendance

116

25.8

25.8

Moderate SI attendance

37

8.2

8.2

High SI attendance

57

12.7

12.7

450

100.0

100.0

Total
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Determining the Equivalency of Groups
A one-way ANOVA was used to determine the equivalency of the four SI groups
in terms of academic preparation based on total SAT scores. Of the 450 students in the
sample, only 418 had total SAT scores. The Levene's Test for Equality of Variances was
not statistically significant, F (3, 414) = 2.021, p = .110, indicating the variances were
homogeneous across groups. There was a statistically significant mean difference (at the
0.05 level) in total SAT scores between the four SI attendance groups, F(3, 414) = 7.001,
p = .000, ηp2 = .048. SI attendance accounted for about 5% of the variation in mean SAT
scores, a small effect size.
A Scheffe post hoc test revealed significantly lower SAT scores for students in
the low (M = 1075.77, SD =123.80) and moderate (M = 1049.39, SD = 83.59) SI
attendance groups than for students who did not attend SI sessions (M = 1127.60, SD
=123.22). The data for this analysis are presented in Tables 56 and 57.

Table 56
Mean Total SAT Scores Based on SI Attendance in CHM 2045 (n=418)
SI Groups

Mean

SD

Never attended SI

1127.60

123.22

225

Low SI attendance

1075.77

123.80

104

Moderate SI attendance

1049.39

83.59

33

High SI attendance

1113.75

126.96

56

Total

1106.67

123.87

418
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n

Table 57
Analysis of Variance for Total SAT Scores Based on SI Participation in CHM 2045
(n=418)
Source
Between Groups
Error
Total
Note: *p < .01

SS

df

MS

308934.911

3

102978.304

6089742.840

414

14709.524

518335300.000

418

F

p

7.001* .000

ηp2
.048

The results of the one-way ANOVA test suggested that, although the SI
attendance groups were significantly different in terms of academic preparation, the
groups that attended SI sessions were not necessarily better prepared when they started
the semester than those who did not participate in SI.

Analysis of Course Withdrawal Rates
The dependent variable was withdrawal rate in the chemistry course. The final
letter grades were grouped as follows: the “Did not withdraw” group comprised of those
subjects who completed the biology course with a grade of A, B, C, D or F; and the
“Withdrew from course” group made up of students who did not complete the course and
obtained a W in place of a grade. Because this measure of the variable is nominal, a Chi
Square Test of Independence was used to analyze the data.
None of the cells in the Chi Square crosstabulation had expected frequency less
that 5; therefore, this important assumption of the Chi Square Test of Independence was
met. There was a statistically significant relationship between withdrawal rate and SI
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attendance (χ2 3,450 = 18.300; p = .000). An examination of standardized residuals
indicated that two cells contributed significantly to this relationship. The number of
students who never attended SI sessions and withdrew from the course was statistically
significantly higher that expected (SR = 2.1). Similarly, significantly fewer students that
expected withdrew among those who attended SI sessions 8 or more times (SR = -3.0).
Furthermore, pairwise comparisons among the SI attendance groups suggested that
significantly fewer students in the moderate SI attendance group withdrew from the
chemistry course than students who never attended SI (χ2 1,356 = 5.475; p = .019).
Students in the high attendance group were significantly less likely to withdraw from the
course than students who never attended SI sessions (χ2 1,297 = 14.891; p = .000).
The data for these results are presented in Table 58.
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Table 58
Chi Square Test for Withdrawal Groups and SI Attendance in CHM 2045 (n=450)
Withdrawal

SI Groups
Never attended SI

No W

W

181

59

240

40.2%

13.1%

53.3%

SR

1.0

2.1

Count

100

16

116

22.2%

3.6%

25.8%

SR

.6

-1.2

Count

29

8

37

6.4%

1.8%

8.2%

SR

-.2

.4

Count

56

1

57

12.4%

.2%

12.7%

SR

1.4

-3.0

Count

366

84

450

81.3%

18.7%

100.0%

Count
% of Total

Low SI Attendance

% of Total
Moderate SI Attendance

% of Total
High SI Attendance

% of Total

Total

Total

% of Total

From these results, it can be concluded that students who attended 8 or more SI
sessions were less likely to withdraw from the course than those who either attended
fewer SI sessions or did not attend at all. Regular attendance to SI sessions seems to be
associated with higher retention rates and lower withdrawal rates.
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Ancillary Analyses
The analyses for rate of withdrawal in CHM 2045 were repeated with a delimited
sample that excluded students who participated in tutoring sessions. The delimited
sample in this case was reduced to 339 (out of 462) subjects who completed the
chemistry course with a grade of A, B, C, D, F, or W. Students who received an
incomplete grade were excluded from the analyses.
The four SI attendance groups in this sample were not equivalent in terms of
incoming SAT scores. One-way ANOVA results indicated there was a statistically
significant mean difference (at the 0.05 level) in total SAT scores among the four SI
attendance groups, F(3, 313) = 2.903, p = .035. This result was consistent with results
from the previous analyses that included tutoring participants.
For this analyses, the SI attendance groups were collapsed into three categories:
never attended SI sessions, low attendance (attended 1 to 3 SI sessions), and high
attendance (attended 4 or more SI sessions). In this case, none of the cells had expected
count less than five, satisfying an important assumption of the Chi Square Test of
Independence. The previous analysis did not require collapsing the SI attendance groups.
In this analysis, no statistically significant relationship between withdrawal rate and SI
attendance was found, χ2 2, 339 = 4.368; p = .113. These result differed from the one
obtained in the analysis that included tutoring participants.
In conclusion, the results of the ancillary analyses for withdrawal rates in
chemistry excluding students who participated in tutoring sessions were different from
the previous results. In the previous analysis, there was a statistically significant
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relationship between rate of withdrawal from the chemistry and SI attendance. Lower
withdrawal rates from the chemistry course were associated with higher levels of
participation in SI sessions. When tutoring participants were excluded, no significant
relationship between course withdrawal and SI attendance was found.

Research Question Five
What relationship, if any, exists between Supplemental Instruction (SI)
participation and student gender and ethnic background?

Description of the Sample
For this research question, the sample of 462 students enrolled in CHM 2045 was
delimited to 322 students. These were students who completed the chemistry course with
a grade of A, B, C, D, or F. The subjects who withdrew from the course or received an
incomplete grade (I) were excluded from the sample.
The sample (n = 322) consisted of 147 male students (45.7%), and 175 females
(54.3%). The class level composition of the sample included 182 freshmen (56.5%), 93
sophomores (28.9%), 29 juniors (9%), 16 seniors (5%), 1 second-degree student (.3%),
and 1 non-degree student (.3%).
The ethnic composition of this sample included 29 Asian-Americans (9%), 46
African-Americans (14.3%), 57 Hispanics (17.7%), 182 Non-Hispanic Whites (56.5%),
and 8 students of other race or ethnicity (2.5%).
The independent variable for this research question was SI attendance. In this
sample, 160 (49.7%) of the students attended SI sessions at least once. One hundred
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sixty-two (50.3%) of the students did not attend SI sessions. The independent variable
had 4 levels: never attended SI sessions, low attendance (attended 1 to 3 SI sessions),
moderate attendance (attended 4 to 7 SI sessions), and high attendance (attended 8 or
more SI sessions). The distribution of students in each group is presented in Table 59.

Table 59
SI Groups According to the Level of SI Attendance in CHM 2045 (n=322)
SI Groups

Frequency

Percent

Valid Percent

Never attended SI

162

50.3

50.3

Low SI attendance

85

26.4

26.4

Moderate SI attendance

23

7.1

7.1

High SI attendance

52

16.1

16.1

322

100.0

100.0

Total

Determining the Equivalency of Groups
A one-way ANOVA was used to determine the equivalency of the four SI groups
in terms of academic preparation based on total SAT scores. Of the 322 students in the
sample, only 300 had total SAT scores. The Levene's Test for Equality of Variances was
not statistically significant, F (3, 296) = 1.839, p = .140, indicating the variances were
homogeneous across groups. There was a statistically significant mean difference (at the
0.05 level) in total SAT scores among the four SI attendance groups, F(3, 296) = 6.117, p
= .000, ηp2 = .058. SI attendance accounted for about 6% of the variation in mean SAT
scores, a moderate effect size. A Scheffe post hoc test revealed significantly lower SAT
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scores for students in the low (M = 1079.08, SD =131.29) and moderate (M = 1056.00,
SD = 83.82) SI attendance groups than for students who did not attend SI sessions (M =
1142.29, SD=124.76). The data for this analysis are presented in Tables 60 and 61.

Table 60
Mean Total SAT Scores Based on SI Attendance in CHM 2045 (n=300)
SI Groups

Mean

SD

n

Never attended SI

1142.29

124.76

153

Low SI attendance

1079.08

131.29

76

Moderate SI attendance

1056.00

83.82

20

High SI attendance

1116.86

122.16

51

Total

1116.20

126.96

300

Table 61
Analysis of Variance for Total SAT Scores Based on SI Participation in CHM 2045
(n=300)
Source
Between Groups
Error
Total
Note: *p < .01

SS

df

MS

281355.088

3

93785.029

4538312.912

296

15332.138

378590400.000

300

F

p

6.117* .000

ηp2
.058

The results of the one-way ANOVA test suggested that, although the SI
attendance groups were significantly different in terms of academic preparation, the
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groups that attended SI sessions were not necessarily better prepared than those who did
not participate in SI.

Analyses for Gender and Ethnic Background
The dependent variables for this research question were gender (male, female)
and ethnic background. Because these measures of the variables are nominal, Chi Square
Tests of Independence were used to analyze the data. When using the five ethnic
categories, the Chi Square crosstabulation had 3 cells with expected frequencies less than
five. To avoid violating an important assumption of the Chi Square Test of Independence,
that expected frequencies should not be less than 5, the ethnic groups were collapsed into
two categories: white and minority students.

Chi Square Analysis for Gender
The omnibus relationship between gender and level of SI participation in CHM
2045 was statistically significant at the .05 level, χ2 3,322 = 12.462; p = .006. Although the
omnibus test was statistically significant, the analysis of standardized residuals (SR) did
not suggest that any particular cell contributed significantly to this result. However,
pairwise comparisons among SI attendance groups indicated there were significantly
more female participation in the low SI attendance group (χ2 1, 247 = 4.976; p = .026) and
in the high attendance group (χ2 1, 214 = 9.201; p = .002) than in the group of students who
never attended SI sessions.
The data for these results are presented in Table 62.
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Table 62
Chi Square Test for Gender Groups and SI Attendance in CHM 2045 (n=322)
SI Group

Never attended SI

Gender
Female

Male

73

89

162

22.7%

27.6%

50.3%

SR

-1.6

1.7

Count

51

34

85

15.8%

10.6%

26.4%

SR

.7

-.8

Count

15

8

23

4.7%

2.5%

7.1%

SR

.7

-.8

Count

36

16

52

11.2%

5.0%

16.1%

SR

1.5

-1.6

Count

175

147

322

54.3%

45.7%

100.0%

Count
% of Total

Low SI Attendance

% of Total
Moderate SI Attendance

% of Total
High SI Attendance

% of Total
Total

Total

% of Total

There were more female students in the group of students who attended 8 or more
SI sessions than in the groups of students who either attended less than 8 SI sessions or
did not attend at all. It can be concluded that more female students than male students
attended SI sessions in CHM 2045.
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Chi Square Analysis for Ethnic Background
The relationship between ethnic background and level of SI participation of
students in CHM 2045 was statistically significant at the .05 level (χ2 3,322 = 15.346;
p = .002). An analysis of standardized residuals (SR) suggested that two cells contributed
significantly to this relationship. In the low SI attendance group there were more minority
students than expected (SR=2.3) and fewer white students than expected (SR=-2.0).
Pairwise comparisons among SI attendance groups suggested a significantly higher
minority participation in the low SI attendance group than in the group of students who
never attended SI sessions (χ2 1, 247 = 11.880; p = .001).
The data for these results are presented in Table 63.
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Table 63
Chi Square Test for Ethnic Groups and SI Attendance in CHM 2045 (n=322)
SI Group

Never attended SI

Ethnicity
Minority

White

Total

60

102

162

18.6%

31.7%

50.3%

SR

-1.2

1.1

Count

51

34

85

15.8%

10.6%

26.4%

SR

2.3

-2.0

Count

12

11

23

3.7%

3.4%

7.1%

SR

.6

-.6

Count

17

35

52

% of Total

5.3%

10.9%

16.1%

SR

-1.2

1.0

Count

140

182

322

43.5%

56.5%

100.0%

Count
% of Total

Low SI Attendance

% of Total
Moderate SI Attendance

% of Total
High SI Attendance

Total

% of Total

From these results, there seemed to be more minority student representation in the
low SI attendance group than in the moderate and high SI attendance groups.

Ancillary Analyses
The analyses to determine the relationship between SI participation and gender
and ethnic background in CHM 2045 were repeated with a delimited sample that
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excluded students who attended tutoring sessions. The delimited sample in this case was
reduced to 225 (out of 462) subjects who completed the chemistry course with a grade of
A, B, C, D, or F. Withdrawals and incomplete grades were excluded from the analyses.
The four SI attendance groups in this sample were not equivalent in terms of
incoming SAT scores. One-way ANOVA results indicated there was a statistically
significant mean difference (at the 0.05 level) in total SAT scores between the four SI
attendance groups, F(3, 208) = 2.917, p = .035. This result was consistent with results
from the previous analyses that included tutoring participants.
The Chi Square analysis for the relationship between SI participation and gender
and ethnic background required collapsing some variable categories to avoid cells with
expected frequencies less than five. The moderate and high SI attendance groups into one
category, high SI attendance, and the ethnicity groups were collapsed into two groups:
whites and minorities.
The relationship between SI participation and gender was statistically significant,
χ2 2, 225 = 11.609; p = .003. There were more female students in the group of students who
attended 8 or more SI sessions than in the groups of students who either attended less
than 8 SI sessions or did not attend at all. This result was consistent with the results
obtained in the analysis that included tutoring participants.
The relationship between ethnic background and SI attendance was statistically
significant, χ2 2, 225 = 12.562; p = .002. Students in minority ethnic groups were more
likely than white students to have moderate participation in SI sessions. This result was
consistent with the previous results to an extent. When tutoring participants were
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included in the analysis, minority students were more likely than white students to have
low SI participation.
In conclusion, the results of the ancillary analyses to determine the relationship
between SI participation and gender and ethnic background, excluding students who
participated in tutoring sessions, were consistent with the previous results. A statistically
significant relationship was found between SI attendance and gender and ethic
background regardless of participation in tutoring sessions. Excluding tutoring participant
only made a difference in terms of minority student participation in SI sessions

Summary
This chapter provided detailed results from the data analyses for each of the five
research questions in the biology and chemistry course. Important findings for each
research question were also presented.
Student motivation in BSC 2010 and CHM 2045 decreased from beginning to end
of the semester. Participation in SI sessions did not seem to make a difference in student
motivation. There were no gains in students’ use of cognitive and metacognitive
strategies in either course from beginning to end of semester. Participation in SI sessions
did not seem to make a significant difference in use of cognitive skills. Students’
management of learning resources did not differ significantly from beginning to end of
the semester. However, frequency of SI participation made a difference in the use of
learning resources. Students who attended eight or more biology SI sessions reported
better management of learning resources than students who never attended SI sessions.
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Biology SI attendance did not make a difference in terms of motivation, use of
cognitive strategies, metacognition, and resource management at the end of the semester.
Chemistry students who attended SI sessions frequently were more motivated and had
used more learning resources by the end of the semester than students who did not attend
SI sessions.
In terms of academic performance, student participation in SI sessions made a
significant difference in terms of academic performance in both BSC 2010 and CHM
2045. Regular attendance to SI sessions was associated with higher percentages of ABC
grades and lower percentages of DF grades. Student academic performance in terms of
final numeric grade seemed to improve with higher levels of participation in SI sessions.
In terms of rate of withdrawal from the biology and chemistry courses, students
who never attended SI sessions were more likely to withdraw from both biology and
chemistry courses than students who participated in SI sessions. Regular attendance to SI
sessions seemed to be associated with higher retention rates and lower withdrawal rates
in both biology and chemistry courses.
In the biology class section, no relationship between gender, ethnic background,
and SI attendance in biology was found, although female students attended SI sessions
more frequently than male students. In chemistry, there were more female students in the
high SI attendance group than in the other groups. It can be concluded that more female
students than male students attended SI sessions in chemistry. Minority students had low
to moderate SI attendance.
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Chapter 5 summarizes the findings of the study and provides recommendations,
implications for practice, and need for future research.
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS
This chapter provides a discussion of the research findings and presents
conclusions based on the findings. Implications for practice and recommendations for
future studies are also offered.
The purpose of this study was to examine the differences in academic
performance and self-regulated learning based on levels of participation in Supplemental
Instruction (SI) in two introductory undergraduate science courses offered at UCF:
General Biology (BSC 2010) and Fundamentals of Chemistry I (CHM 2045). Academic
performance was measured using students’ final course grades and rates of withdrawal
from the courses. The self-regulated learning constructs of motivation, cognition,
metacognition, and resource management were measured using the Motivated Strategies
for Learning Questionnaire (MSLQ). Differences in gender and ethnic background of
students enrolled in these courses based on levels of SI participation were also considered
in this research.
The research questions addresses in this study were:
1. What mean difference, if any, exists in student development of the self-regulated
learning components of motivation, cognition, metacognition, and resource
management from the beginning of the semester to the end of the semester based on
level of student participation in Supplemental Instruction (SI)?
2. What mean difference, if any, exists in the self-regulated learning components of
motivation, cognition, metacognition, and resource management, as measured at the
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end of the semester based on student level of participation in Supplemental
Instruction (SI)?
3. What difference in academic performance, if any, exists between students who
participate in Supplemental Instruction (SI) and those who do not participate in SI?
4. What relationship, if any, exists between Supplemental Instruction (SI) participation
and rate of withdrawal from classes?
5. What relationship, if any, exists between Supplemental Instruction (SI) participation
and student gender and ethnic background?
The researcher used a quasi-experimental design. Random assignment of subjects
to the treatment (SI attendance) was not possible due to the voluntary nature of the SI
program. In the five research questions, the independent variable was attendance to SI
sessions. For the samples considered in each course section, groups were formed based
on the number of attendances to SI sessions. The samples were divided in four groups
according to the number of SI attendance: never attended SI sessions, attended one to
three SI sessions (low SI attendance), attended four to seven SI sessions (moderate SI
attendance), and attended eight or more SI sessions (high SI attendance). The group of
students who never attended SI was considered the control group. The other groups were
considered treatment groups. To determine the equivalency of the groups or levels of the
independent variable in terms of prior academic performance measures and demographic
characteristics, ANOVA analyses were conducted to determine that the groups were not
significantly different in terms of total SAT scores.
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The researcher provided separate analyses for the biology and the chemistry
course sections considered in this study. The analyses included students who participated
in tutoring sessions, which were available in addition to SI sessions. The findings for
each course section in this study are summarized in the next section.

Discussion of Findings
The results for General Biology (BSC 2010) and Fundamentals of Chemistry I
(CHM 2045) are summarized in relation to each of the five research questions.

Results for General Biology (BSC 2010)
Research Question One
What mean difference, if any, exists in student development of the self-regulated
learning components of motivation, cognition, metacognition, and resource management
from the beginning of the semester to the end of the semester based on level of student
participation in Supplemental Instruction (SI)?
The sample for this research question was delimited to 99 students out of the 282
students enrolled in BSC 2010. The subjects in this sample were mostly female (61.6%).
The majority were freshmen (61.6%) and Non-Hispanic White students (70.7%). In this
sample, 78 (78.8%) of the students attended SI sessions at least once.
Repeated Measures ANOVA tests with one between factor or “split plot” were
used for each one of the four levels of SI attendance to determine whether there was a
difference in motivation, cognition, metacognition, and resource management pretest and
posttest mean scores based on the number of attendances to SI sessions.
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Motivation
There were statistically significant differences in student motivation between
administrations of the MSLQ. Overall, the student motivation in the biology class
decreased at the end of the semester compared to the beginning of the semester. There
were no significant increases in motivation based on participation in SI sessions.

Cognition
There were no statistically significant differences in students’ use of cognitive
strategies from beginning to end of the semester in the biology course. Although gains in
cognitive skills were observed for individuals with moderate and high participation in SI
sessions, these differences were not statistically significant.

Metacognition
Students’ use of metacognitive strategies increased from beginning to end of the
semester in the biology course regardless of whether or not they attended SI sessions.
These differences were not statistically significant. Although changes in metacognitive
strategies did not differ significantly between SI attendance groups, the results revealed
higher mean metacognition scores for the groups with higher SI participation.

Resource Management
Overall, students’ management of learning resources in the biology class did not
differ statistically significantly from beginning to end of the semester. However, changes

160

in resource management strategies differed significantly between SI attendance groups.
Students who attended eight or more SI sessions had significantly higher resource
management scores than students who never attended SI sessions. In addition, the use of
learning resources seemed to increase significantly with higher number of SI sessions
attended. Students in the high SI attendance groups had better use of learning resources
than students in the low and moderate SI attendance groups.
Excluding students who participated in tutoring sessions from the sample did not
change the results of the Repeated Measures ANOVA tests. Therefore, for this research
question, student attendance in tutoring sessions did not seem to make a difference in the
results.

Research Question Two
What mean difference, if any, exists in the self-regulated learning components of
motivation, cognition, metacognition, and resource management, as measured at the end
of the semester based on student level of participation in Supplemental Instruction (SI)?
The sample of 282 students enrolled in BSC 2010 was delimited to 112 students
for this research question. Most students in this sample were females (62.5%), freshmen,
and Non-Hispanic Whites (67.0%). Eighty-six (76.8%) students attended SI sessions at
least once.
A Multiple ANOVA (MANOVA) test was used to determine whether there was a
difference in motivation, cognition, metacognition, and resource management mean
posttest scores based on the number of attendances to SI sessions. These results indicated
that the SI attendance groups were not very different in terms of motivation, use of

161

cognitive strategies, metacognition, and resource management. Attending SI sessions did
not seem to make a difference in any of these variables at the end of the semester. When
the analyses were repeated removing tutoring participants from the sample, these results
were similar. Student attendance in tutoring sessions did not seem to make a difference in
the results.

Research Question Three
What difference in academic performance, if any, exists between students who
participate in Supplemental Instruction (SI) and those who do not participate in SI?
Two measures of academic performance were used: final percent scores (out of
100) and final letter grades in BSC 2010. The sample was delimited to 255 students who
completed the BSC 2010 course with a grade of A, B, C, D, or F. The subjects in this
sample were mostly females (58%) and Non-Hispanic Whites (59.6%).
The one-way ANOVA used to determine difference in final numeric grade (in
percentage points) in BSC 2010 between the SI attendance groups was statistically
significant. The biology students who attended 8 or more SI sessions during the semester
had significantly higher final scores (M = 78.5, SD = 10.39) than those who never
attended SI (M = 67.8, SD = 19.83).
In terms of letter grades, where the ABC group indicates success and the DF
group indicates failure, the Chi Square Test of Independence was statistically significant.
Students in the high SI participation group were less likely to receive grades of D or F
than those who never attended SI sessions.
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From these results, it can be concluded that student participation in SI sessions
made a significant difference in terms of academic performance in BSC 2010. Frequent
participation in SI sessions (8 or more times) seemed to make the most difference.
Regular attendance to SI sessions seemed to be associated with higher percentages of
ABC grades and lower percentages of DF grades. Over 50% of SI participants received
an A, B, or C grade in BSC 2010, while less than one-third had grades of D and F.
Excluding students who participated in tutoring sessions from the analyses only
made a difference for letter grade groups. When tutoring participants were removed from
the analysis, there was no difference in final letter grade between SI participants.

Research Question Four
What relationship, if any, exists between Supplemental Instruction (SI)
participation and rate of withdrawal from classes?
The sample of 282 students enrolled in BSC 2010 was delimited to 280 students.
In this sample, there were more female (55.7%) than male students and more NonHispanic Whites (60.0%). One hundred seventy-seven (63.2%) students attended SI
sessions at least once. The SI attendance levels were collapsed into three categories:
never attended SI sessions, low attendance (attended 1 to 3 SI sessions), and high
attendance (attended 4 or more SI sessions).
A statistically significant relationship was found between level of SI participation
and rate of withdrawal from the biology course. Students who attended 4 or more SI
sessions were less likely to withdraw from the course than those who either attended
fewer SI sessions or did not attend at all. Regular attendance in SI sessions seemed to be
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associated with higher retention rates and lower withdrawal rates in the biology course.
Repeating the analyses removing from the sample students who participated in tutoring
sessions did not change these results.

Research Question Five
What relationship, if any, exists between Supplemental Instruction (SI)
participation and student gender and ethnic background?
The delimited sample of 254 students had a majority of females (58.3%) and
freshmen (50.8%), and Non-Hispanic Whites (59.8%). One hundred sixty-seven (65.7%)
students attended SI sessions at least once.
No statistically significant relationship between gender and level of SI
participation was found. There were more female students in the group of students who
attended 8 or more SI sessions than in the groups of students who either attended less
than 8 SI sessions or did not attend at all. Although no relationship between gender and
SI attendance could be established, it can be concluded that female students attended SI
sessions more frequently than male students.
The ethnic groups were collapsed into two categories: white and minority
students. This was done to satisfy one of the assumptions of the Chi Square Test of
Independence. There was no statistically significant relationship between students’ ethnic
background and their level of SI participation. In the high SI attendance group, however,
there seemed to be almost equal representation of minority students and white students.
The ancillary analyses that excluded students who attended tutoring sessions
yielded similar results. No statistically significant relationship was found between SI
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attendance and gender and ethic background regardless of participation in tutoring
sessions.

Results for Fundamentals of Chemistry I (CHM 2045)
Research Question One
What mean difference, if any, exists in student development of the self-regulated
learning components of motivation, cognition, metacognition, and resource management
from the beginning of the semester to the end of the semester based on level of student
participation in Supplemental Instruction (SI)?
The sample was delimited to 219 students out of the 462 students enrolled in
CHM 2045. The majority of subjects in this sample were females (57.5%), freshmen
(77.2%), and Non-Hispanic Whites (56.6%). One hundred twenty-eight (58.4%) students
attended SI sessions at least once.
Repeated Measures ANOVA tests with one between factor or “split plot” were
used for each one of the four interval dependent variables to determine whether there was
a difference in motivation, cognition, metacognition, and resource management pretest
and posttest mean scores based on the number of attendances to SI sessions.

Motivation
There were statistically significant differences in student motivation between
administrations of the MSLQ. Overall, the student motivation in the chemistry class
decreased at the end of the semester compared to the beginning of the semester. There
were no significant increases in motivation based on participation in SI sessions. The
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mean motivation scores for both pre and posttest tended to be higher for students who
attended SI more frequently, but this difference was not statistically significant.

Cognition
There were no significant differences in students’ use of cognitive strategies from
beginning to end of the semester in the chemistry course. Although gains in use of
cognitive skills were observed for individuals with high participation in SI sessions, these
differences were not statistically significant.

Metacognition
Students’ use of metacognitive strategies did not differ from beginning to end of
the semester in the chemistry course regardless of whether or not they attended SI
sessions. Differences in use of metacognitive strategies were not significant between SI
attendance groups. In conclusion, participation in SI sessions in the chemistry class did
not seem to make a difference in students’ use of metacognitive strategies from beginning
to end of semester.

Resource Management
Overall, students’ management of learning resources in the chemistry class did
not differ significantly from beginning to end of the semester. Although not statistically
significant, students’ management of learning resources increased at the end of the
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semester regardless of whether or not they attended SI sessions. The use of learning
resources seemed to increase with higher number of SI sessions attended.
The results of the ancillary analyses excluding students who participated in
tutoring sessions were consistent with the results presented in the previous analyses.
Student attendance in tutoring sessions did not seem to make a difference in the previous
results.

Research Question Two
What mean difference, if any, exists in the self-regulated learning components of
motivation, cognition, metacognition, and resource management, as measured at the end
of the semester based on student level of participation in Supplemental Instruction (SI)?
The sample of 462 students enrolled in CHM 2045 was delimited to 223 students.
Most students in this sample were female (56.5%), freshmen (75.3%), and Non-Hispanic
Whites (56.5%). One hundred twenty-eight (57.4%) students attended SI sessions at least
once.
A Multiple ANOVA (MANOVA) test was used to determine whether there was a
difference in motivation, cognition, metacognition, and resource management mean
posttest scores based on the number of attendances to SI sessions. A statistically
significant difference in motivation and resource management was found at the end of the
semester between SI attendance groups. Differences in end of semester use of cognitive
skills and metacognitive skills between SI attendance groups were not statistically
significant.
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Chemistry students who attended between 1 and 7 SI sessions were more
motivated at the end of the semester than students who did not participate in SI sessions.
Similarly, students who attended 8 or more SI sessions had used more learning resources
by the end of the semester than students who did not attend SI sessions. These results did
not hold true when students who participated in tutoring were removed. Therefore,
tutoring participation may have influenced these results.

Research Question Three
What difference in academic performance, if any, exists between students who
participate in Supplemental Instruction (SI) and those who do not participate in SI?
Two measures of academic performance were used: final percent scores (out of
100) and final letter grades in BSC 2010.The sample was delimited to 322 students who
completed the CHM 2045 course with a grade of A, B, C, D, or F. Over half of the
students in this sample were females (54.3%) and Non-Hispanic Whites (56.5%).
The one-way ANOVA to determine differences in final numeric grade (in
percentage points) in CHM 2045 between the SI attendance groups was statistically
significant. Chemistry students who attended SI sessions 8 or more times had higher final
mean scores (M = 77.8, SD = 7.19) when compared to the mean final scores of students
who either did not attend SI sessions (M = 70.9, SD = 12.75) or had low attendance (M =
73.3, SD = 10.90). Student academic performance in terms of final numeric grade seemed
to improve with higher levels of participation in SI sessions.
In terms of letter grades, where the ABC group indicated success and the DF
group indicated failure, the Chi Square Test of Independence was statistically significant.
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Students who attended 4 or more SI sessions were less likely to receive grades of D or F
than those who never attended SI sessions. Regular attendance to SI sessions seemed to
be associated with lower percentages of D and F grades in CHM 2045. These results did
not change when tutoring participants were excluded from the sample.

Research Question Four
What relationship, if any, exists between Supplemental Instruction (SI)
participation and rate of withdrawal from classes?
The sample of 462 students enrolled in CHM 2045 was delimited to 450 students.
Over half of the students in this sample were females (58%) and Non-Hispanic Whites
(55.6%). Two hundred ten (46.7%) students attended SI sessions at least once.
The relationship between withdrawal rate and SI attendance was statistically
significant. Students who never attended SI sessions were more likely to withdraw from
the chemistry course than students who participated in SI sessions. Students who attended
8 or more SI sessions were less likely to withdraw than those who attended fewer SI
sessions or never participated in SI. Regular attendance in SI sessions seemed to be
associated with higher retention rates and lower withdrawal rates.
Ancillary analyses for withdrawal rates in chemistry that excluded students who
participated in tutoring sessions yielded a different result. When tutoring participants
were removed from the sample, no significant relationship between course withdrawal
and SI attendance was found.
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Research Question Five
What relationship, if any, exists between Supplemental Instruction (SI)
participation and student gender and ethnic background?
The sample of 462 students enrolled in CHM 2045 was delimited to 322 students.
Over half of these students were female (54.3%), freshmen (56.5%), and Non-Hispanic
Whites (56.5%).
The relationship between gender and level of SI participation in CHM 2045 was
statistically significant. There were more female students in the group of students who
attended 8 or more SI sessions than in the groups of students who either attended less
than 8 SI sessions or did not attend at all. It can be concluded that more female students
than male students attended SI sessions in CHM 2045. Removing tutoring participants
from the sample did not change these results.
The relationship between ethnic background and level of SI participation of
students in CHM 2045 was statistically significant. More minority students were
represented in the low SI attendance group than in the moderate and high SI attendance
groups. Also, there were more minority students in the low SI attendance group than in
the group of non-SI participants. Student participation in tutoring sessions did not affect
these results.

Conclusions
This study was designed to investigate the differences in academic performance
and self-regulated learning based on student participation in SI and to study the
relationship between gender, ethnic background, and student participation in SI sessions.
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The first research question explored whether differences existed in student
development of the self-regulated learning components of motivation, cognition,
metacognition, and resource management from the beginning of the semester to the end
of the semester based on level of student participation in SI sessions. Motivation,
cognition, metacognition, and resource management were constructs measured using the
Motivated Strategies for Learning Questionnaire (MSLQ).
Motivation referred to whether students are motivated to learn for personal
reasons and for the sake of learning (Intrinsic Goal Orientation) or for external rewards
(Extrinsic Goal Orientation), student’s perception of the relevance or usefulness of the
content of the course (Task Value), student belief of their competence and ability of
success (Self-efficacy), and test anxiety (Pintrich et al, 1991).
In both courses, biology and chemistry, student motivation decreased from
beginning to end of the semester. Participation in SI sessions did not seem to make a
difference in student motivation. These results partially agree with previous findings of
Visor et al. (1992). In contrast with this study, they found that students who attended four
or more SI sessions had higher internal locus of control and higher levels of self-efficacy
(measures of motivation) than those who attended SI occasionally or not at all. As in this
study, theirs did not reveal statistically significant gains in these motivational variables as
a result of SI participation. As in this study, Visor et al. used a pretest and posttest design.
In contrast with this study, they conducted their research in an introductory psychology
class, used a different instrument to measure motivation factors, and used Analysis of
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Covariance to analyze the data. These differences may have accounted for the
discrepancy in results.
Cognition involved students’ use of strategies to acquire and process new
information from lectures and textbooks. These strategies were: rehearsal, elaboration,
organization, and critical thinking (Duncan & McKeachie, 2005; Pintrich et al., 1991).
There were no gains in students’ use of cognitive strategies in either course from
beginning to end of semester. Participation in SI sessions did not seem to make a
significant difference in use of cognitive skills.
Metacognition referred to the degree to which students were able to control and
regulate their learning. This includes activities included planning, goal setting, tracking
cognitive strategies, questioning, self-testing, and adjusting one’s learning strategies to
improve performance (Duncan & McKeachie, 2005; Pintrich et al., 1991). Students’
gains in metacognitive skills did not differ from beginning to end of semester in either
course.
Resource management involved time and study environment management, ability
to manage difficulties and distractions, use of groups, and help seeking (Duncan &
McKeachie, 2005; Pintrich et al., 1991). In both biology and chemistry sections, students’
management of learning resources did not differ significantly from beginning to end of
the semester. However, SI attendance groups made a difference in the use of learning
resources in biology. Students who attended eight or more biology SI sessions reported
better management of learning resources than students who never attended SI sessions. In
addition, the use of learning resources seemed to increase significantly with higher
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number of SI sessions attended. Biology students who attended SI frequently had better
use of learning resources than students in the low and moderate SI attendance groups. In
chemistry, the use of learning resources seemed to increase with the frequency of SI
sessions attended.
Previous studies cited in the literature review addressed the relationship of
cognition, metacognition, and resource management, and academic achievement.
However, none of the studies cited investigated differences in cognition, metacognition,
and resource management based on student participation in SI sessions. Therefore, no
conclusions that relate to previous findings could be made for these variables.
In the second research question, differences in motivation, cognition,
metacognition, and resource management at the end of the semester based on student
level of participation in SI were investigated. Biology SI attendance did not make a
difference in terms of motivation, use of cognitive strategies, metacognition, and resource
management at the end of the semester. Chemistry students who attended between 1 and
7 SI sessions were more motivated at the end of the semester than students who did not
participate in SI sessions. Similarly, students who attended 8 or more SI sessions had
used more learning resources by the end of the semester than students who did not attend
SI sessions. As in the first research question, only the findings of Visor et al. (1992)
could be related to the results from this study in terms of motivation. None of the studies
cited in the literature review addressed differences in the use of cognitive strategies,
metacognition, and resource management based on student participation in SI sessions.
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In terms of academic performance, student participation in SI sessions made a
significant difference in terms of academic performance in both BSC 2010 and CHM
2045. Frequent participation in SI sessions (8 or more times) seemed to make the most
difference in both classes. Regular attendance to SI sessions was associated with higher
percentages of ABC grades and lower percentages of DF grades. Student academic
performance in terms of final numeric grade seemed to improve with higher levels of
participation in SI sessions. These results confirmed previous findings indicating that the
implementation of SI in undergraduate chemistry and biology courses produced not only
higher final grades for SI participants, but also long-term benefits in terms of retention of
concepts and improvements in problem solving skills (Congos & Mack, 2005; Gattis,
2000; Warren & Tonsetic, 1998).
In terms of rate of withdrawal from BSC 2010 and CHM 2045, students who
never attended SI sessions were more likely to withdraw from both biology and
chemistry courses than students who participated in SI sessions. Students who attended 4
or more SI sessions were less likely to withdraw from biology than those who either
attended fewer SI sessions or did not attend at all. Students who attended 8 or more SI
sessions were less likely to withdraw from chemistry than occasional or non-SI
participants. Regular attendance to SI sessions seemed to be associated with higher
retention rates and lower withdrawal rates in both biology and chemistry courses. These
results were consistent with findings in previous studies indicating that students who
participated in SI were less likely to withdraw from the course (Congos & Mack, 2005;
Lockie & Van Lanen, 1992; Van Lanen & Lockie, 1997).
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The last research question investigated the relationship between gender, ethnic
background, and SI participation. No relationship between gender, ethnic background,
and SI attendance in biology was found. However, it was noted that female students
attended SI sessions more frequently than male students. In chemistry, there were more
female students in the group of students who attended 8 or more SI sessions than in the
groups of students who either attended less than 8 SI sessions or did not attend at all. It
can be concluded that more female students than male students attended SI sessions in
chemistry. More minority students were represented in the low SI attendance group than
in the moderate and high SI attendance groups. Also, there were more minority students
in the low SI attendance group than in the group of non-SI participants. In chemistry, this
indicated that minority students were not frequent SI participants in chemistry.

Limitations
Several limitations restricted the ability to draw conclusions from the findings and
affected the internal validity of the results. First, the course sections chosen for this study
were offered at University of Central Florida (UCF). Because the study was conducted at
one specific institution, the results of this study could not be generalized to other
institutions.
Second, the course sections selected for this study were freshman biology and
chemistry courses offered in a specific semester. The findings in this study were limited
to these two specific course sections in two different disciplines: biology and chemistry.
The course instructors reported that students’ incoming academic and affective
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characteristics in their classes are different every semester. Therefore, the results obtained
for these specific courses could not be generalized to other semesters in the same
disciplines or to other academic disciplines.
The researcher was not able to control whether the participants in this study,
attending SI sessions or not, received other types of academic assistance. Free tutoring
services were available through the academic resource center to UCF students enrolled in
BSC 2010 and CHM 2045 during the semester studied. Many students chose to use this
service in lieu of or in addition to SI sessions. Ancillary analyses excluding tutoring
participants were carried out to examine any differences. In addition, students in these
courses may have used other resources of which the researcher was not aware, such as
informal study groups or private tutoring. The use of these informal resources might have
affected the results.
Another limitation in this research was due to the design of the study. This was a
quasi-experimental design, not a true experimental design. SI was voluntary and available
to all students enrolled in the selected courses. Allowing some students to attend SI and
denying others this academic assistance would have not only been in violation of the
established SI model but would have represented an ethical issue. The inability to
randomly assign students to different SI attendance groups did not allow the researcher to
draw conclusions regarding the effect of SI sessions on the variables studied. Instead of
causal statements, the researcher could only point at associations and differences in the
dependent variables based on SI participation.
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Another factor that affected the results in this study was the fact that the
instructors in each class awarded extra credit points toward the final grade for attending
SI and tutoring sessions. The researcher removed the extra credit points from the final
course grades for the analyses of academic performance. However, many students may
have attended SI sessions to obtain extra points in the course and not necessarily for the
benefits SI could offer. Therefore, the availability of extra credit in these classes was a
confounding variable that could have had an impact on the results for differences in selfregulated learning based on SI attendance.
The level of support to SI and years of teaching experience was another limiting
factor. The biology instructor was very supportive of SI. At the time of this study, this
instructor was a lecturer with several years of teaching experience at UCF and several
semesters of experience with the SI program. The chemistry instructor was also very
supportive of the SI program, but at the time of this study, he was an adjunct instructor
with only two semesters of experience teaching large undergraduate chemistry classes at
UCF. He also had little experience with the SI program. In addition to the differences in
teaching experience, and faculty status, it was possible that differences in teaching
methods, teaching materials, and availability to students outside class, could have limited
the results of this study.
The perceptions of the biology and chemistry instructors regarding the class
sections revealed other limiting factors. Both instructors found the students in these
classes less motivated and less engaged than in previous semesters. The biology
instructor characterized students in the section chosen for this study as immature and not
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ready for college-level work. She reported high absenteeism in lectures and labs. In
addition, two biology class sections were available in the spring 2006 semester: one at
8:30 a.m. and one at 12:30 p.m. The section chosen for this study was the 8:30 a.m. class.
According to the instructor, many students in the selected class section were not happy to
be there. They enrolled in the section because they procrastinated and could not get into
the 12:30 p.m. section. This factor may have contributed to the low levels of motivation
found in this study.

Implications for Practice
The finding of this study yielded several suggestions for future practice in the
administration of SI programs and for in teaching methods in introductory biology and
chemistry courses. One suggestion for the two chemistry and biology courses selected in
this study was to either eliminate or limit the amount of extra credit offered in these
courses for participating in SI. On one hand, extra credit for participation in SI in
freshman courses allowed students who otherwise would have never attended SI sessions
to receive the benefits of SI. On the other hand, the added bonus attracted students in SI
sessions who were not engaged and did not participate in the sessions. Moreover, SI
sessions should be kept small to be effective and to promote student interaction. The ideal
size of SI sessions should be no more that 25 students. The addition of extra credit
created SI sessions that were too large and made student interaction difficult.
This study revealed the need for instructors and SI leaders to provide activities
that encourage student motivation and engagement. Courses such as the ones included in
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this study were typically large lecture classes, where student interaction and class
participation were difficult. According to the instructors, 50% to 60% of the students
enrolled in these introductory biology and chemistry courses had majors other than
chemistry, biology, microbiology, molecular biology, nursing, or science. Many students
were in majors such as engineering, actuarial science, computer science, or psychology
and were taking the biology and chemistry course to fulfill a science requirement.
According to the biology instructor, these students lacked motivation in these courses
because they did not choose to be in them and did not believe the knowledge obtained
was relevant to their major. The biology instructor also indicated that many of these
students were ill-prepared for college-level science courses. This lack of adequate science
preparation may have affected both their motivation and performance in the class.
Instructors of these courses could introduce changes in the teaching methods and
in the delivery of the course content to make classes more interactive and to promote
student engagement with the material. Some of these changes may include the use of
resources such as online practice quizzes, interactive tutorials, note packets, videos of
lectures and demonstrations. These resources allow students to interact with the material
and practice for exams. Another resource that can help make lectures more interactive is
the use of wireless response systems, such as the Classroom Response System (CPS)
provided by e-instruction (http://www.einstruction.com). This technology allows
instructors to take attendance, and provide assessments and interactive activities. Students
use response pads to respond to instructors’ questions anonymously and to participate in
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quizzes and activities. Instructors receive immediate feedback that allows them to adjust
the pace of the class to students’ needs and to detect areas of difficulty.
This study also has implications for SI leader and faculty training. SI sessions are,
by definition, interactive sessions where students interact to build study skills applied to
the course content. The degree of interaction in an SI session depends on the level of
experience and training of the SI leader. SI leader training should continue to be a key
ingredient of a good SI program. Well-trained and experienced SI leaders provide
activities that promote student engagement. Students in undergraduate courses that offer
SI have the opportunity to learn study skills applied to the course by attending SI
sessions. Because SI participation varies with the availability of sessions in the schedule
and motivational factors, instructors in freshman science courses could integrate study
skills and course content, making it part of the curriculum.
Another implication for future practice has to do with the selection of SI leaders.
At the time of this study, the SI leader staff was an ethnically diverse one. However, the
two SI leaders for the courses selected in this study were not. The results in this study
indicate that minority students who participate in SI do it with less frequency than white
students. From this and other studies it is known that high frequency of SI participation is
associated with higher course grades. Attracting, hiring, and training qualified SI leaders
of minority ethnic background in chemistry may help increase the number of minority
students who participate regularly in SI sessions.

180

Recommendations for Future Research
The findings of this study suggested opportunities for future research that could
add to the body of knowledge in SI and academic success in science courses. Some
recommendations were:
1. Repeat the study in upper level chemistry or biology classes that do not offer
extra credit.
2. Follow up with students who completed the courses included in this study and
reenrolled in courses after one year. Have them repeat the MSLQ to determine
if there were gains in motivation, cognition, metacognition and resource
management after one year. Determine what percentage of these students
attended SI for other classes.
3. Study the relationship between SI leaders’ evaluation ratings and student
motivation and academic performance in selected courses.
4. Study the relationship between SI leaders’ characteristics, such as number of
semesters as SI leader, GPA, and major, and students’ motivation and
academic success.
5. The times during the semester when students attend SI sessions the most may
vary depending on the frequency of exams and test dates. These attendance
patterns may make a difference in motivation and academic performance.
Conduct a correlational study of “attendance patterns” in SI and academic
performance in the course.
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6. Conduct follow-up studies to determine the relationship between SI
participation, academic success, and use of cognitive and metacognitive
strategies in future semesters.
7. Conduct a qualitative study to determine reasons why students attend SI and
to determine their perception of the impact of SI on their academic
performance, gains in motivation, and gains in college-level study skills.
8. Repeat the study in a biology class including participation in the biology lab
as a factor in academic performance in the course.
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Consent Form – BSC 2010
January, 2006
Dear Student:
My name is Ana C. Mack and I am a doctoral student working on my dissertation under
the supervision of faculty member, Dr. George E. Pawlas in the College of Education at
University of Central Florida. You are being asked to participate in a survey designed to gather
information on the impact of Supplemental Instruction (SI) sessions on student achievement and
self-regulated learning. As part of the study, you are asked to complete the attached questionnaire
related to your motivation and learning in this class. This questionnaire will be administered
twice: the third week and the last week of the Spring 2006 semester. Your participation in this
project is voluntary and not related in any way to your grade in this class. You do not have
to answer any question(s) that you do not wish to answer. Please be advised that you may choose
not to participate in this research, and you may withdraw from the experiment at any time without
consequence. You will receive 5 extra credit points in BSC 2010 (General Biology) for
participating. There are no other direct benefits or compensation for participation. This
questionnaire will take approximately 25 minutes to complete. There are no anticipated risks
associated with participation.
This research project was designed solely for research purposes and no one except the
research team will have access to any of your responses. All responses will be kept confidential.
Your identity will be kept confidential using a numerical coding system. Only the research team
will have access to the information you provide. At the end of this research (by November, 2006),
the data will be destroyed. You must be 18 years of age or older to participate.
If you have any questions or comments about this research, please contact Ana C. Mack
at (407) 823-0083 or her faculty supervisor, Dr. George E. Pawlas in the College of Education,
University of Central Florida at (407) 823-1472. Questions or concerns about research
participants' rights may be directed to the UCFIRB office, University of Central Florida Office of
Research, Orlando Tech Center, 12443 Research Parkway, Suite 207, Orlando, FL 32826. The
phone number is (407) 823-2901.
Sincerely,
Ana C. Mack, Doctoral Candidate
________ I have read the procedure described above.
________ I voluntarily agree to participate in the procedure and I have received a copy of
this description.
________ I would like to receive feedback on my learning skills and motivation.
________ I would not like to receive feedback on my learning skills and motivation.
___________________________________

________________

Participant’s Signature

Date
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Consent Form – CHM 2045
January, 2006
Dear Student:
My name is Ana C. Mack and I am a doctoral student working on my dissertation under
the supervision of faculty member, Dr. George E. Pawlas in the College of Education at
University of Central Florida. You are being asked to participate in a survey designed to gather
information on the impact of Supplemental Instruction (SI) sessions on student achievement and
self-regulated learning. As part of the study, you are asked to complete the attached questionnaire
related to your motivation and learning in this class. This questionnaire will be administered
twice: the third week and the last week of the Spring 2006 semester. Your participation in this
project is voluntary and not related in any way to your grade in this class. You do not have
to answer any question(s) that you do not wish to answer. Please be advised that you may choose
not to participate in this research, and you may withdraw from the experiment at any time without
consequence. You will receive 5 extra credit points in CHM 2045 (Fundamentals of Chemistry
I) for participating. There are no other direct benefits or compensation for participation. This
questionnaire will take approximately 25 minutes to complete. There are no anticipated risks
associated with participation.
This research project was designed solely for research purposes and no one except the
research team will have access to any of your responses. All responses will be kept confidential.
Your identity will be kept confidential using a numerical coding system. Only the research team
will have access to the information you provide. At the end of this research (by November, 2006),
the data will be destroyed. You must be 18 years of age or older to participate.
If you have any questions or comments about this research, please contact Ana C. Mack
at (407) 823-0083 or her faculty supervisor, Dr. George E. Pawlas in the College of Education,
University of Central Florida at (407) 823-1472. Questions or concerns about research
participants' rights may be directed to the UCFIRB office, University of Central Florida Office of
Research, Orlando Tech Center, 12443 Research Parkway, Suite 207, Orlando, FL 32826. The
phone number is (407) 823-2901.
Sincerely,
Ana C. Mack, Doctoral Candidate
________ I have read the procedure described above.
________ I voluntarily agree to participate in the procedure and I have received a copy of
this description.
________ I would like to receive feedback on my learning skills and motivation.
________ I would not like to receive feedback on my learning skills and motivation.
___________________________________
Participant’s Signature

________________
Date
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Motivated Strategies for Learning Questionnaire (MSLQ)
College of Education
University of Central Florida
Orlando Florida
In the attached questionnaire, you will be asked about your study habits, your learning
skills, and your motivation for work in this course. There are no right or wrong
answers to this questionnaire. This is not a test. We want you to respond to the
questionnaire as accurately as possible, reflecting your own attitudes and behaviors in
this course.
Name (Print) _______________________________________________
PID Number _________________________
Gender (circle one)

Male

Female

Ethnic Background (circle one)

African-American

Asian-American

Hispanic

White (non-Hispanic)

Native-American

Other

Class level (circle one)

Freshman

Sophomore

B

C

Have you taken other college-level science courses? (circle one)
If YES, how many? _____________

PROCEED TO THE NEXT PAGE
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Senior

Yes

Have you taken this class before? (circle one)
If YES, what grade did you obtain? A

Junior

Other

No
D

F
Yes

W
No

APPENDIX B
MOTIVATED STRATEGIES FOR LEARNING QUESTIONNAIRE
(MSLQ)
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1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

In a class like this, I prefer course material that really challenges me so I can learn
new things.
If I study in appropriate ways, then I will be able to learn the material in this course.
When I take a test, I think about how poorly I am doing compared with other
students.
I think I will be able to use what I learn in this course in other course.
I believe I will receive an excellent grade in this class.
I’m certain I can understand the most difficult material presented in the readings for
this course.
Getting a good grade in this class is the most satisfying thing for me right now.
When I take a test I think about items on other parts of the test I can’t answer.
It is my own fault if I don’t learn the material in this course.
It is important for me to learn the course material in this class.
The most important thing for me right now is improving my overall grade point
average, so my main concern in this class is getting a good grade.
I’m confident I can learn the basic concepts taught in this course.
If I can, I want to get better grades in this class than most of the other students.
When I take tests I think of the consequences of failing.
I’m confident I can understand the most complex material presented by the
instructor in this course.
In a class like this, I prefer course material that arouses my curiosity, even if it is
difficult to learn.
I am very interested in the content area of this course.
If I try hard enough then I will understand the course material.
I have an uneasy, upset feeling when I take an exam.
I’m confident I can do an excellent job on the assignments and tests in this course.
I expect to do well in this class.
The most satisfying thing for me in this course is trying to understand the content as
thoroughly as possible.
I think the course material in this class is useful for me to learn.
When I have the opportunity in this class, I choose course assignments that I can
learn from even if they don’t guarantee a good grade.
If I don’t understand the course material, it is because I didn’t try hard enough.
I like the subject matter of this course.
Understanding the subject matter of this course is very important to me.

Very true of me

The following questions ask about your motivation and attitudes about this class, and
about your learning strategies and study skills for this class. Remember, there are no
right or wrong answers, just answer as accurately as possible. Use the scale below
to answer the questions. If you think the statement is very true to you, circle 7; if a
statement is not at all true of you, circle 1. If the statement is more or less true of you,
find the number between 1 and 7 that best describes you and circle that number.

Not at all true of me

Motivated Strategies for Learning Questionnaire (MSLQ) *
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28. I feel my heart beating fast when I take an exam.
29. I’m certain I can master the skills being taught in this class.
30. I want to do well in this class because it is important to show my ability to my family,
friends, employer, or others.
31. Considering the difficulty of this course, the teacher, and my skills, I think I will do
well in this class.
32. When I study the readings for this course, I outline the material to help me organize
my thoughts.
33. During class time I often miss important points because I‘m thinking of other things.
34. When studying for this course, I often try to explain the material to a classmate or a
friend.
35. I usually study in a place where I can concentrate on my course work.
36. When reading for this course, I make up questions to help focus my reading.
37. I often feel so lazy or bored when I study for this class that I quit before I finish what
I planned to do.
38. I often find myself questioning things I hear or read in this course to decide if I find
them convincing.
39. When I study for this class, I practice saying the material to myself over and over.
40. Even if I have trouble learning the material in this class, I try to do the work on my
own, without help from anyone.
41. When I become confused about something I’m reading for this class, I go back and
try to figure it out.
42. When I study for this course, I go through the readings and my class notes and try
to find the most important ideas.
43. I make good use of my study time for this course.
44. If course readings are difficult to understand, I change the way I read the material.
45. I try to work with other students from this class to complete the course assignments.
46. When studying for this course, I read my class notes and the course readings over
and over again.
47. When a theory, interpretation, or conclusion is presented in class or in the readings,
I try to decide if there is good supporting evidence.
48. I work hard to do well in this class even if I don’t like what we are doing.
49. I make simple charts, diagrams, or tables to help me organize course material.
50. When studying for this course, I often set aside time to discuss course material with
a group of students from the class.
51. I treat the course material as a starting point and try to develop my own ideas about
it.
52. I find it hard to stick to a study schedule.
53. When I study for this class, I pull together information from different sources, such
as lectures, readings, and discussions.
54. Before I study new course material thoroughly, I often skim it to see how it is
organized.
55. I ask myself questions to make sure I understand the material I have been studying
in this class.
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56. I try to change the way I study in order to fit the course requirements and the
instructor’s teaching style.
57. I often find that I have been reading for this class but don’t know what it was all
about.
58. I ask the instructor to clarify concepts I don’t understand well.
59. I memorize key words to remind me of important concepts in this class.
60. When course work is difficult, I either give up or only study the easy parts.
61. I try to think through a topic and decide what I am supposed to learn from it rather
than just reading it over when studying for this course.
62. I try to relate ideas in this subject to those in other courses whenever possible.
63. When I study for this course, I go over my class notes and make an outline of
important concepts.
64. When reading for this class, I try to relate the material to what I already know.
65. I have a regular place set aside for studying.
66. I try to play around with ideas of my own related to what I am learning in this
course.
67. When I study for this course, I write brief summaries of the main ideas from the
readings and my class notes.
68. When I can’t understand the material in this course I ask another student in this
class for help.
69. I try to understand the material in this class by making connections between the
readings and the concepts from the lectures.
70. I make sure that I keep up with the weekly readings and assignments for this
course.
71. Whenever I read or hear an assertion or conclusion in this class, I think about
possible alternatives.
72. I make lists of important items for this course and memorize the lists.
73. I attend this class regularly.
74. Even when course materials are dull and uninteresting, I manage to keep working
until I finish.
75. I try to identify students in this class whom I can ask for help if necessary.
76. When studying for this course I try to determine which concepts I don’t understand
well.
77. I often find that I don’t spend very much time on this course because of other
activities.
78. When I study for this class, I set goals for myself in order to direct my activities in
each study period.
79. If I get confused taking notes in class, I make sure I sort it out afterwards.
80. I rarely find time to review my notes or readings before an exam.
81. I try to apply ideas from course readings in other class activities such as lecture and
discussion.
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* Authors: Paul R. Pintrich, David A. Smith, Teresa Garcia, and Wilbert J. McKeachie. Authors'
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SI LEADER TRAINING AGENDA
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Student Academic Resource Center
SUPPLEMENTAL INSTRUCTION
SI LEADER SPRING TRAINING AGENDA

DAY 1: THURSDAY JANUARY 5, 2006
9:00 - 9:30
Warm Up
 Distribution of SI manuals and handouts
 Welcome and introductions (Icebreaker)
 Explain plan for the day / Groups
9:30 – 10:00

The Purpose of SI
 What is the focus of SI?
Help students learn how to
learn the course content
 Why are we doing SI?

10:00 – 10:30

The SI Model
 Overview (SIL p. 4-5 / 5 modes, p. 100)
 Discussion

10:30 – 10:45

Break

10:45 – 12:00

Duties of SI leaders (addendum)
Expectations of SI leaders (p. 106)
SI leader responsibilities (tasks) – SIL p. 6-7
SI leader contract & confidentiality form
Paperwork and time cards (sample time card, p. 110)
The SI leader and the professor (SIL p.10-11/ Test Results/Faculty
Interview)

12:00 – 1:30

Lunch

1:30 – 2:30

The SI Cycle
Step 1 - How Is Everyone?
o Beginning an SI session and creating rapport
o Opening SI sessions (SIL Manual, p. 23 / What to do when no one
speaks, p. 118/ 1st SI Announcements, p. 112)
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Step 2 - What Would You Like To Do?
o The 5 modes of operation
o Handling questions – Praise - Restate Using Baseline - Wait
o Using open-ended questions (p. 120, p. 122)
o Redirecting Questions - SIL p. 26-27
o Using praise properly (106 ways to praise, p. 126)
o “Stump the SI leader”
o Informal quizzes ( p. 54, p. 121) and sample tests
Step 3 - Record It To Help Them See.
o Model good notes on board (using abbreviations, outlining, etc.)
o Model problem solving format on the board
Step 4 - Use the baseline
o Textbook reading / notetaking techniques
o Other ways encourage participation – Collaborative Learning
Techniques (SIL manual p. 43-45)
o “Before giving a content answer” (p. 128)
Step 5 – Weave learning skills
o Weaving learning skills in to SI sessions (“15 times…”, p. 132)
o Handling learning skills handouts properly
o Mind maps, visualizations, charts, timelines, etc.
o Modeling notecards in SI sessions
o Notecards for chemistry, math, physics (SIL Manual pp. 62-63)
o Mnemonics
o Notetaking (The Cornell System)
o Personal learning skills
o Practicing, rehearsing, reviewing regularly
Step 6 - How Do You Know If It Clicks?
o Check for understanding / Summarize / Have them summarize
o Self-testing concept
o Post-Test Survey (SIL Manual p. 66)
Step 7 - What's Next?
o Transition skills
Step 8 - Back to 3 And You're Doing Great (Questions? Comments?
Concerns?)
Tips to increase attendance (SIL manual, p. 30 & 31, p. 142)
2:30 – 3:00

Conducting SI sessions
o SI leader and the student (SIL manual, p. 12 & 13)
o SI leaders and the supervisor
o Closing SI Sessions (SIL manual, p. 28 – 29)
o Always checking for understanding on questions and answers
o Avoid re-lecturing – why?
o Continually refer to notes and text – The baseline is your safety net
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3:00 – 3:15

Break

3:15 – 3:45

SI session demonstration 1
 Analysis
 Discussion

3:45 – 4:15

SI session demonstration 2
 Analysis
 Discussion

4:15 – 4:30

SI Leader Test

4:30 – 5:00

New SI Leaders receive Hire Packages

DAY 2: FRIDAY JANUARY 6, 2006
SI session strategies
9:00 – 10:15
 Problem solving in SI sessions (p. 62)
 A 5-stage model for problem solving (p. 138)
 Redirecting Questions (p. 26-27)
 Classroom Assessment Techniques (CATS) (p. 130)
 Notecards (p. 71)
10:15 – 10:30

Break

10:30 – 11:45

SI session strategies continued
 Reading Textbooks (p. 74-75)
 Other strategies (p. 48-53)
 Vocabulary activities (p. 56-57)
 Encouraging formation of study groups (p.136)

11:45 – 12:00

Wrap-up
 What would you do in these situations? (p.24-25, p. 140)
 Discuss SI session schedule & 1st week announcements
 Decide best time for weekly staff meetings
 Group Picture
Questions? Comments?

12:00 – 1:00

Lunch (UCF Market Place)

1:00 – 2:00

“SARC Tour” for new SI Leaders

2:00 – 3:00

New SI Leaders work on Hiring Packages

3:00 – 5:00

New SI Leaders turn in Hiring Packages to Cristina Vega in PH 113
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